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Abstract
Ontologiesarecommonlyusedforknowledgerepresentationandtoexchangein-
formationbetweenmultipleapplications. Whensimilarinformationisrepresentedby
differentontologies,informationsharingrequiresamappingbetweencorresponding
pairsofentities. Whileontologyalignmentalgorithmshavebeendevelopedtosup-
portsuchtasks,theygeneralydonotofferentirelycompleteandprecisemappings.
Consequently,animportantinteractiveaspectofthealignmentprocessisthevali-
dationofautomaticalygeneratedmappingsandtheadditionofnewmappings,by
aknowledgemanager. Whilevisualinterfacesexisttosupportthesetasks,showing
alargenumberofmappingscanresultinasignificantamountofvisualclutter.To
addressthisissue,anedgebundlingapproachhasbeenadaptedtotheconstraintsof
anexistingalignmentinterface.Auserstudywasdesignedandconductedtoevalu-
atethevalueofedgebundlinginthiscontext,withpositiveresultsforbothmapping
validationandadditiontasks.
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Chapter1
Introduction
1.1 Motivation
Effectivecommunicationandcolaborationamongpeople,organizations,andsoft-
waresystemsisthekeytosuccessintoday’scompetitiveworld. However,such
communicationamongsoftwaresystemscanbechalengingduetotheirindependent
development.Softwaresystemsarebuiltbypeople;duetodisparatebackgroundsand
cultures,education,andlanguages,softwaredevelopersmayusedifferentterminology
toexplainthesameconceptualentity[80].Inaddition,theymayproducedifferent
hierarchicaldecompositionsofdifficultorcomplexdomainswithinthesoftwarethey
create.Thisleadstodifferentcomputersystemsstoringinformationindifferentfor-
mats,makingitdifficultforthemtoshareandinter-communicate. Therefore,in
orderforsuchsystemstoshareinformation,aneffectivemechanismisrequiredthat
canprovidetranslationsbetweendifferentdataformats.
Ontologiesprovideaconvenientmechanismtorepresentinformationaboutado-
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mainbyorganizingtheirmajorconceptsandforminghierarchicalrelationshipsbe-
tweenentities.Theyhavebecomeanimportanttoolforsharingandre-usinginfor-
mationamongacademiaandindustry[29],andtheirusagetosupportthesharingof
informationbetweenmultiplesoftwaresystemshasbecomeincreasinglyimportantin
recentyears[18,41,43].
Whilecommunicationandsharingisstraight-forwardwhentwosystemsusethe
sameontology,chalengesexistwhensharingisrequiredbetweensystemsthatuse
differentontologiestorepresentthesameinformation.Thismayoccurwhensystems
arebuiltinparalel,whenonesystemischangedorupdated,orwhennewsharing
functionalityisrequired.Inthesecases,informationsharingrequiresontologyalign-
ment(i.e.,amappingbetweentheentitiesinthepairofontologies)[42].Sucha
mappingcanthenbeusedtoautomaticalytranslateinformationfromoneontology
totheother. Forexample,inthe Webservicearea,ontologyalignmentsareused
totranslateonemessageformatofane-commerceapplicationintoanother,com-
pletelyautomaticalyorsemi-automaticaly[43].Thistranslationisneededtocon-
ductbusinesstransactionsbetweendisparatedatabases,inventorycontrolsystems,
ande-commercesystems. Thus,thechalengeistoobtainaccuratetranslationsby
resolvingheterogeneityissuesanddiscoveringsimilaritiesamongdifferentontologies
representingcomparabledomains.Thesolutionsresearchedanddevelopedtomeet
thischalengeareusualyreferredtoas“ontologyalignmentapproaches”inthelit-
erature[30].
Ontologyalignmenthasbeenanactiveresearchareaforovertwodecades[66].Itis
stiloneofthemostfundamental,time-consuming,labor-intensive,andcrucialtasks
intheinformationintegrationprocess[29].Sincethesizesofontologiescanrangefrom
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afewconceptstoseveralhundreds,manualyaligningtwoontologiesisnotpractical
whenontologiesarelarge. Therefore,automaticontologyalignmentalgorithmsare
requiredthatcanautomaticalymatchentitiesbetweenthetwoontologies.Numerous
ontologyalignmentalgorithmsexisttoperformthistask[66],withtheoutputbeing
asetofcandidatemappingsbetweenentitiesacrossthepairofontologies.
Fundamentaly,ontologyalignmentisadifficultproblemduetothecomplexities
ofhumanlanguage.Humanbeingsperceivethesamethingsdifferentlybynature[70];
thuswhendifferentdevelopersdesignontologiesforthesamedomain,eachmaylabel
andstructuresimilarconceptsandpropertiesdifferently.Forexample,oneontology
developermaylabelthepriceoftheticketinanontologyrepresentingthedomainof
atravelagencymanagementsystemas“price”,butanotherdevelopermaydefinethe
labelas“cost”inadifferentontologyrepresentingthesamedomain.Furthermore,
inthehierarchicaldecompositionoftheproblemdomain,oneontologymayinclude
theticketpricewithinalargerticketentity,whereasanothermightincludeitwithin
atravelitinerary.Usageofsuchdifferentlabelingsandhierarchicaldecompositions
ofimportantelementsoftheconceptsofanontologymayresultinheterogeneity
conflicts,andconceptualdiscrepancies[66].Thealignmentprocessneedstoresolve
thesetofindthematchesbetweenthegivenontologies.
Eventhoughsignificantadvanceshavebeenmadeasaresultofnaturallanguage
processing[36]andgraphmatchingapproaches[62],theendresultsofalignmentalgo-
rithmsareseldomcertainandareoftenincomplete[29].Asaresult,fulyautomatic
alignmentsystemsarenotfeasible.Sincethehumanmindiswel-suitedtomaking
senseofambiguousandincompleteknowledgeabouttheworld,itmaybebenefi-
cialtotakeadvantageofsuchhumancapabilitiesbyincludingthemintheontology
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alignmentprocess[2].
Recently,researchershavestartedtoanalyzeandgiveimportancetovariousas-
pectsofuserinvolvementwithinontologyalignmentprocesses[30].Initialy,using
amatchingalgorithm,suchsystemsproducecandidatemappingsbetweenthegiven
ontologiesandpresentthemtoaknowledgemanager.Acommonapproachtoaddress
theuncertaintyaboutthesecandidatemappingsistoalowtheknowledgemanager
tointeractivelyvalidatethemappings,aswelasaddnewmappingsthatwerenot
detectedbytheautomaticalignmentalgorithm. Whileana¨ıveapproachmightbeto
simplyprovidealistofmappingsfromwhichaknowledgemanagercandeleteoradd
newmappings,doingsomakesitdifficulttoconsidertheontologicalstructureduring
thisprocess.Thisinturnmightleadtoincorrectlyvalidatedormissedmappings.A
moreeffectiveapproachistopresenttheontologiesandtheirmappingsinavisual
mannerthatisspecificalydesignedtosupportthevalidationandadditiontasks,and
toprovideinteractivetoolsthataidinthecompletionofthesetasks[28,30].
Thevisualcomponentofontologyalignmentsystemsnormalyrepresentsthetwo
ontologiesastreestructuresoneithersideoftheinterface,andgraphicalydepictsthe
mappingsasedgesbetweenthecorrespondingentities.Thetreestructuresprovidean
efficientwayofrepresentingthehierarchicalnatureoftheontologies,andalowforthe
navigationamonglargeorcomplexontologies.Therepresentationofthemappings
usingedgesalowstheknowledgemanagertovisualytracetheconnectionbetween
entitiesintheontologies.
Ontologiesthatarebuilttorepresentcomplexdomainknowledgecanbevery
large. Whenasemi-automaticalignmentprocessiscarriedoutonapairofsuch
ontologiesusinganalignmentalgorithm[66],theoutcomeisasignificantnumberof
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candidatemappingsthatmustbevalidatedbytheknowledgemanager. Thevali-
dationprocessincludestracingindividualmappings,confirmingtherelationship,as
welasidentifyingandaddingnewmappings.Inordertocompletethevalidation
task,theknowledgemanagerhastoprocessandmanipulateeachandeverycandi-
datemapping. Validatingthesemappingsisthemostfundamentalbutprotracted
taskinthealignmentprocess.
Sincethevisualspaceavailabletoshowthemappingedgesislimited,problems
mayoccurwhenrepresentingalargenumberofmappings. Whenrepresentinga
relativelysmalsetofmappings,thespacecanbeusedeffectively,makingiteasyfor
knowledgemanagerstoperceiveandunderstandthemappingsandcomparethepair
ofontologies.However,whenreallifeontologiesarealigned,thenumberofmappings
producedisgreatandpresentingthesemappingswithinthespaceavailablecreatesa
visualmess.
Thesemappingsareconventionalydrawnasstraightlinesbetweenthesource
andtargetontologiestrees,andinalbutthesimplestcaseswilincludemanyedge
crossings.Evenwithasfewas20mappings,theusabilityofsuchinterfacesquickly
deterioratesduetovisualcluttercreatedbytheedgecrossingswithinthemapping
regionoftheinterface.Asaresult,theknowledgemanagermayexperiencedifficulty
inobservinggeneralpatternsortrendswithinthemappingset,aswelasinchoosing
andmanipulatingaparticularmapping.Suchcluttermayalsocauseproblemsfor
findingaspecificmappingorsetofmappings.
Whilesomestudieshaveexploredtheuseofcurvedlinestorepresentthemappings
[31]orinteractivehighlightingtoalowtheknowledgemanagertofocusonaspecific
mapping[31,67],thefundamentalproblemoftryingtomakesenseofavisualy
5
clutteredrepresentationremains.Thepotentialsolutionforreducingtheamountof
visualclutterandimprovingthevisualorganizationofmappingsthatisproposedin
thisresearchistouseedgebundling[45]ontherepresentationofthemappings.
1.2 Approach
Edgebundlingistheprocessofdistortingtheshapesoftheedgesinagraphto
providepathsthatareeasierforthehumaneyetofolow[45].Ithasbeenproposed
forprovidinganorganizedviewoflargegraphs,groupingthegraphedgesbybundling
theircommonpathwaystogether[45].
Inthecontextofontologies,thebundlingprocesscanbeconsideredasapotential
solutionforthevisualclutterproblemduetomappingedgescrossings.Bybundling
theedgeswithinanontologymappinginterface,muchofthevisualclutterwithin
themappingrepresentationswilbeeliminatedduetotheclusteringoftheedgesand
thecrossingofafewbundlesratherthanmanyindividualedges. Thegroupingof
mappingedgeshelpsinprovidinganoverviewofthemappingsresults,whichmay
helpaknowledgemanagertoperformthemappingvalidationtaskswitheaseand
increasedperformance.Insteadofworkingonindividualmappings,withbundling,
theknowledgemanagercanworkonmappingsets(i.e.,thosethataregroupedinto
bundles).
Anotheradvantageprovidedbyedgebundlingistheeasyidentificationofpoten-
tialyinterestingareaswithinthesourceandtargetontologiesfromwhichalarge
numberofmappingsareoriginatingorterminating.Identifyingtheseareascanhelp
theknowledgemanagerinfocusingonimportantconceptswithinthesourceandtar-
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getontologies.Duetothestructureofontologies,theseareasmaycontainpotential
candidateconceptsforfindingandaddingnewrelationshipsthatweremissedbythe
automaticalignmentalgorithm.
Whileedgebundlingaddsstructuretothevisualizationofthemappings,itdoes
soatthecostofintroducingambiguity. Thedrawbackofusingbundlingisthat
themappingedgesarenowgroupedtogethermakingitdifficulttotraceasingle
mappingfromsourcetodestination.Sincetheknowledgemanagerisrequiredtoview
eachandeverymappingbeforevalidatingit,thesameabilityisalsorequiredwhile
dealingwithbundling.Therefore,inordertodisambiguatethemappingscontained
withinabundle,someinteractionmechanismisneeded. Assuch,alongwiththe
implementationofedgebundling,aninteractivefocusingfeatureisalsorequired,
whichcanalowtheknowledgemanagertoeasilyviewandperformtherelevant
validationtasksforeachmappingindividualy.
1.3 ResearchQuestionsand Methods
Theprimarygoalofthisthesisistostudytheapplicationofanedgebundlingap-
proachtoontologymappingrepresentation.Thefolowingresearchquestionswilbe
addressed:
1)Howcantheedgebundlingtechniquebeadoptedtothedomainofontology
mappingrepresentation?
2) Whatarethebenefitsanddrawbacksofusingedgebundlinginthecontextof
ontologymappingvalidationandadditiontasks?
Toanswerthesequestions,thefirststepwastoidentifyastate-of-the-artontology
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alignmentandvisualizationsystem,whichcouldbeusedasabaselinesystem.The
minimumrequirementsofthissystemweretohandletheinputofsourceandtarget
ontologies,performtheautomaticalignmentoftheontologies,andfinalypresent
thecandidatemappingswithinavisualinterface.Toaddressthefirstresearchques-
tion,aftertheidentificationofthebaselinesystem,thenextstepwastostudythe
constraintsandrequirementsoftheontologymappingrepresentationandmodifythe
generalbundlingprocesstocomplywiththeserestrictions.Inaddition,tosupportthe
alignmentrelatedtasks(i.e.,mappingverificationandaddition),interactionmethods
weredevelopedforbundledisambiguation.Thefinalstepwastoconductanempir-
icalevaluationtostudythebenefitsofusingedgebundlingtosupportaknowledge
manager’sontologyalignmenttasks.Theresultsofthisevaluationaddressthesecond
researchquestion.
1.4 OrganizationofThesis
Theremainderofthethesisisorganizedasfolows. Thefolowingchapteroutlines
relatedworkpertainingtoautomaticontologyalignment,ontologyalignmentinter-
faces,andedgebundling,alongwithatheoreticaldiscussionontheproposedbenefits
ofedgebundling.Chapter3explainstheprocessofperformingedgebundlingwithin
thebaselineontologyalignmentframework,providesthedetailsregardingtheimple-
mentation,anddiscussesthevalueoftheapproachinthecontextoftheprimarytasks
ofmappingvalidationandmappingaddition.Chapter4providesthemethodology,
results,anddiscussionoftheempiricalevaluation,whichwasconductedtostudy,
evaluate,andcomparethebenefitsanddrawbacksoftheproposedmethodincom-
8
parisontothestate-of-the-artbaselinesystem.InChapter5,thisthesisconcludes
withasummaryoftheprimarycontributionsofthisworkalongwithanoutlineof
futurework.
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Chapter2
Related Work
Thischapterbeginsbydescribingtheconceptofontologiesindetail,afterwhichsev-
eralcommontypesofalgorithmsthatareusedinalignmentsystemswilbediscussed.
Folowingthat,theimportanceofknowledgemanagersinthealignmentprocesswil
bedescribed,whichwilleadtothediscussionabouttheinterfacesofthealignment
systemstosupportknowledgemanagers.Thissectionwilalsoincludeadiscussion
aboutthevalueofvisualizationindesigningsuchinterfaces,aswelasthetheoriesand
principlesfromthefieldofinformationvisualizationthatapplytotherepresentation
ofontologymappings. Adiscussiononexistingmappingrepresentationapproaches
andissueswilconstitutethenextsectionofthechapter.Detailswilalsobeprovided
onthechosenbaselinesystemforthisresearch.
2.1 Ontologies
“Ontology”isatermthatoriginatesfromthefieldofphilosophywhereitisused
torefertothestudyofexistence[39],aswelastodescribecategoriesofthings
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andthenatureofrelationshipsthatexistsbetweenthesethings.Inthefieldof
computerscience,thistermhasevolvedtorepresentthefinalproductobtainedwhen
anabstractandsimplifieddescriptionofadomainiscreated[39].Thekeyconceptsof
thedomainarerepresentedusingclasses,andlogicalrelationshipsarecreatedamong
thembyknowledgeexpertstoreflectacommonunderstandingoftheoveraldomain.
Primarily,ontologiesprovideastandardvocabularythatcanenablethesharing
andre-useofdomainknowledge[43],aswelasalowautomatedcomputerreasoning
andanalysis[43]. Domainontologiesprovidestandarddefinitionsofthedomain
conceptsandthelogicalrelationshipsthatexistbetweenthem,whichcanbeused
bycomputerstoextractcommonmeaningautomaticalyfromthegiveninformation
[81]. Usingthecapabilitiesofthedomainontology,largeamountsofdatacanalso
beconsistentlyclassifiedandaggregated[81].
Atraditionallist-basedgraphicalrepresentationofasmalontologyofauniversity
domainisshowninFigure2.1. The mainconceptsthatdefinethisdomainare
depictedasnodesandtherelationshipsthatexistbetweentheseconceptsareshown
intheformoflinesconnectingtherelevantconcepts.Thisisoneexampleofavisual
representationofanontology;amorecompletediscussiononontologyvisualization
ispresentedinSection2.3.2.
Ontologieshavebeenusedextensivelyindifferentapplicationdomains.Incom-
puterscience,oneoftheimportantusageisintheareaoftheSemantic Web[43],
inwhichtheyfacilitatetheinformationexchangebetweendifferentsystems,support
query-answerservices,provideknowledgebasesthatarere-usable,andenablethe
interoperabilityamongvariousheterogeneousinformationsystems[39]. Theypri-
marilyprovidesemanticsfortheelementsofawebdocument,aswelasenablethose
11
Figure2.1:Anexampleontologyofauniversitydomain[29]generatedusingOWLViz
[46]plugininProt´eg´e[60].
semanticstobeusedbyinteligentinformationretrievalsystemsandapplications
[43].
Therearemanytechnologiesandlanguagesthathavebeenintroducedtospecify
ontologies. XML(eXtensible MarkupLanguage)[6],isadata-describinglanguage
thatusestagstodescribeanddefinedataonthe Webinastructuredfashion[18].
Itisthebasicunderlyingtechnologythatcanbeusedtowriteontologies,whichalso
providesthefoundationformorespecializedlanguagestoauthorontologiessuchas
RDF(ResourceDevelopmentFramework)[44]andOWL(Ontology WebLanguage)
[79].
Theideabehindtheselanguagesistoalowautomaticprocessingofthecontent
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ratherthanshowingpresentableinformationtohumans[43].RDF[44]wasdeveloped
toincorporatemeaningtoWebdataelementsbyaddingmachine-readablemetadata.
ItwasthefirstlanguagethatwasdesignedtosupporttheSemantic Web[18].RDF
canbeconsideredasalayerontopoftheexistingtechnologiesthatuseXML.RDF
Schema(RDF-S)[7]extendsRDFandprovidesthebasicstructuresrequiredtocreate
thefundamentalsofanontology,suchasclasses,properties,instances,andrelation-
ships(e.g.,is-a,child-of)[18].
Currently,themostpopularontologydevelopmentlanguageisOWL,whichwas
developedbythe WebOntologyworkinggroup[14]underthe WWWConsortium
[79]. TheOWLlanguagesupportsmoreexpressibilitythanRDF-S,providingthe
abilitytodefineconstraintsandrestrictionsontheclasses,attributes,andinstances.
ThereforeitisanimprovedversionofRDF-S,providingadditionalvocabularywith
formalsemantics[43].
Duetothewidespreadusageofontologies,manycurrentlyexistthatmodeland
representsimilardomains.Furthermore,differentnotionsandtermscanbeusedto
describethesamethingsintheontologiesusedwithinsoftwaresystems.Software
developershaveaspecificsetofrequirementsandfactorstoconsiderbeforebuild-
inganontologyforasoftwaresystem.Inaddition,thereisapossibilityofhuman
biasbecauseofdifferentperceptionsandunderstandingsofthemeaningofaconcept.
Typicaly,awordorasetofwordsareemployedtodescribeaconcept,anditispos-
siblethatdifferentcombinationsofwords,synonyms,homonyms,andotherrelevant
featuresofalanguageareusedtodefinethesameconcept,whichcanbeconfusing.
Thisindependenceinusageoflanguagebringsversatilityandbroadknowledgeto
anontology,butmayalsoleadtoanambiguousorincompletedefinitionabouta
13
concept.
Toenablecommunicationandsharingofinformationbetweenmultiplesystems,
discrepanciesbetweentheirontologiesmustberesolvedtoprovidetranslation.Thus,
informationsharingrequiresontologyalignment,producingamappingbetweenthe
entitiesinthepairofontologies[42].Inaddition,alignmentofontologiesrepresent-
ingasimilardomainisrequiredtoprovideamoreintegratedviewofthedomain.
Theemergingchalengeistoresolveheterogeneityissuesanddiscoversimilarities
amongdifferentontologiesrepresentingcomparabledomains. Theapproachesand
systemsdevelopedtoperformthischalengingtaskarereferredtoas“ontologyalign-
ment”[30].
2.2 OntologyAlignment
Ontologyalignmentisarequirementformanyontology-dependentsoftwaresystems
inorderforthemtocommunicatewitheachother. Forexample,Semantic Web
applicationsrequireeffectiveandstandardwaysofcommunicatingbetweendifferent
serviceproviders[43].Theseserviceprovidersexposecharacteristicsoftheirservices
usingontologies.Inordertoexchangeinformation,theseontologiesneedtobealigned
[23].Anumberofdifferenttypesofalignmentalgorithmshavebeenproposedinthe
literaturetofindmappingsbetweentheconceptsofthegivenontologies.Generaly,a
singleormultipletypesofalignmentalgorithmsareusedinoverahundreddifferent
proposedalignmentsystems[37]. Duetothiswidespreadscope,anoutlineofthe
commonlyusedtypesofalgorithmswilbeprovidedinthissection. Furthermore,
abriefdiscussionaboutsystemsthatincorporatethosetypesofalgorithmswilbe
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presentedafterprovidingaformaldefinitionoftheontologyalignment.
2.2.1 Definition
ConsideringthesourceontologyasOs andthetargetontologyasOt,thesetwo
ontologiesareprovidedasinputtotheontologyalignmentprocess,whichproducesthe
one-to-oneorone-to-manymappingsindicatingtherelationshipthatexistsbetween
therelevantconcepts. Withthehelpofthesemappingrelationships,itcanbededuced
thatthecorrespondingontologyconceptsrepresentthesameconceptualentity.
Themappingsaregeneralypresentedintheformof(Cs,Ct,i),whereCsandCt
representtheconceptsfromsourceandtargetontologieswhileishowstheconfidence
levelofsimilaritycomputedbythealignmentalgorithm.Therangeoftheconfidence
levelvaluesisnormalybetween0and1.Inordertobeconsideredamapping,the
confidencelevelofthecomputedsimilaritymustmeetapre-definedthresholdvalue.
ApictorialrepresentationofthisprocessisshowninFigure2.2.
2.2.2 AlgorithmTypes
Anumberofdifferentapproachesexistforperformingautomaticontologyalignment.
Themostcommonapproachusedbytheontologyalignmentsystemsisstring-based
matching,whichemploysaname-matchingapproachtothelabelsoftheontology
concepts.Inthesestring-basedmethods,thecomputationofthesimilarityvalue
betweentheconceptsisbasedontheamountofrelatednessamongtheirnamesor
labels.Certainstringnormalizationtechniquesareappliedtotheinputstringsbefore
theanalysisofsimilarityiscarriedout(e.g.,casefolding,encoding,removalofblanks
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Figure2.2:Typicalflowofanontologyalignmentprocess.
[37]).Theoutcomeoftheinputtextstothestring-basedtechniquescanbereported
asexact,whichimpliesthattheyareequal,orapproximateuptoalevelofconfidence,
whichisobtainedbyusingdifferentsimilaritymetrics.Examplesofstringcomparison
techniquesincludeeditdistance,soundexindex,andprefix/suffixcomparison[37].
Althoughstring-basedtechniquesprovidesupportfordeterminingconceptsimilarity,
theycannotovercomethecomplexityintheusageofalanguagetodescribethose
concepts. Alignmentsystemsthatusestring-basedtechniquesincludeCOMA[20]
andCOMA++[1],OLA[27],Anchor-Prompt[61],andS-Match[36].
Inordertoovercomethedifficultyfacedbythestring-basedapproaches,language-
basedapproachesareaddedtocomplementthestring-basedapproaches.Theypro-
videmoreadvancedsupportforconcept-labelmatchingbyincorporatingmethods
tocounterthecomplexityintroducedbylanguagesduetotheuseofsynonyms,
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homonyms,andphrases.Somemethodsincludetokenization,removalofstopwords,
andreductionofaphraseorsentencetoitsstemwords[37].Ontologyalignmentsys-
temsthatusethestring-basedtechniquesaswelaslanguage-basedanalysisoftext
includeCOMA[20],COMA++[1],OLA[27],Anchor-Prompt[61],andS-Match[36].
Thestring-basedandlanguage-basedanalysistechniquesofferasyntacticlevelof
matching. However,thequalityofalignmentcanbegreatlyimprovedbyperform-
ingsemanticmatchinganalysisontheconceptlabels.Inclusionofdomain-specific
thesauriandlexicaldatabases(e.g., WordNet[33])forthematchingstrategyenables
semantic-basedcomparison,whichisoftenreferredtoaslinguistic-basedmatching
[37].Sinceontologyconceptsareorganizedintheformofhierarchicalrelationships,
theusageofsynonyms,homonyms,etc.,(providedbyalinguisticresource)inthe
matchingstrategycanbeadvantageous. Doingsoalsohelpsindeterminingthe
natureoftherelationshipsthatmightexistamongtheconceptlabels,suchasequiva-
lenceorgeneralization[37].Systemsthatperformmatchingusinglinguisticresources
includeOLA[27],Cupid[55],andCOMA[20].
Thealignmentstrategycanbefurtherimprovedbyincludingtype-basedmethods,
whichuseinformationthatdefinesthetypeofconcept(e.g.,integer,float,string,
date,etc.)tofindappropriatematches.Inaddition,thelimitsofthevaluesonsuch
conceptsisusedtocalculatethesimilarityamongtwoconceptlabels.Forexample,if
aconceptfromanontologyisoftypeintegerandhasarangeof0to2500,itcanbe
markedasrelevanttoasimilarconceptwithadifferentlabelinadifferentontology
withthesametypeandrange[37].Examplesofsystemsthatalsousethismethod
areOLA[27]andCOMA[20].
Alongwithaboveapproaches,someontologyalignmentsystemsalsoaddtech-
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niquessuchasdecision-theoreticapproaches[72]thataskfortheknowledgemanager’s
feedback(i.e.,acceptorrejectalignments)toselectfromtheavailablealignment
strategies(i.e.,semantic,lexical,structural)forthegivenpairofontologies[21].For
example,iftheknowledgemanageracceptsthemappingsuggestionthatwasfound
usinglexicalalignmentstrategy,itsimportancewilincreaseforthenextalignment
taskamongotheralignmentapproaches.Inotherwords,thenexttimetheknowl-
edgemanagerwilbeprovidedwiththesuggestionproducedbythelexicalstrategy
ontopofothers.Usingtheknowledgemanager’sfeedbackinthealignmentprocessis
highlydesirable,butitisdifficulttoachieve[9].Systemsthatusedecision-theoretic
approachesareCOMA[1]andQOM[23].
Thecurrentstate-of-the-artmethodformatchingisstructural-basedmatching,
whichusesthehierarchicalstructureoftheconceptinadditiontotheinformation
providedbythesamesingleconceptandfolowingothertrivialalignmentstrategies
inordertocomputemappings[37]. Themainideabehindthistypeofmatching
istoconsidertheontologiesasgraphs,andcomparethehierarchicalrelationships
ofdifferentconceptsassub-graphsusinggraphmatchingalgorithms.Forexample,
ifthechildconceptoftheparentconceptisthesameintermsoflabelandother
attributestoachildofadifferentparentconcept(eveniftheparentconceptslabels
arenotsimilartoeachother),theyshouldbematchedtoeachother.
Inthisdimension,similarityflooding[56]isasuccessfulandcommontechnique
usedinthecontextofstructurematching.Inthismethod,theideaisthatifthe
nodesaresimilartoeachother,theirneighborsshouldalsobesimilar.Thisapproach
propagatesthissimilaritydefinitionalongthedeeperlevelsofinheritanceofthecon-
ceptsbeingconsideredformatching.TheAnchorPrompt[62]algorithmfocuseson
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findingtherelatedsemanticsintheontologiesusingthestructuralsimilarityanalysis.
Initialy,thegivenontologiesaretransformedintoalabeledgraphstructure.The
knowledgemanagerthenselectssomeanchors(i.e.,mainentities)withinthegraph,
orthesystemcanalsoprovidethoseautomaticalybyperforminglexicalmatching.
Thealgorithmthenanalyzesthesubgraphlimitedbytheseanchorsanddetermines
whichclassesfrequentlyappearinsimilarpositionsonsimilarpaths.Theseclasses
arelikelytorepresentsemanticalysimilarconcepts. Theresultsproducedbythis
approacharepromising;thereforeitisnowusedinmanyalignmentsystemsasthe
underlyingalignmentalgorithm[3,31]includingPROMPT[59],COMA[1],OLA
[27],QOM[23],andRiMOM[54].
Sinceasingletypeofalignmentalgorithmcannotprovideaccurateandcomplete
alignmentresults,multiplealignmentalgorithmtypesareincorporatedtocompute
thealignments.Startingfrombasicalignmentapproachessuchasstring-basedand
language-basedtools,alignmentssystemsincludecombinationsofdifferenttypesof
alignmentalgorithmstocomputemoreaccurateresults.Table2.1presentsthelist
ofpopularalignmentsystemsalongwiththetypeofthealgorithmthathasbeen
employed.
2.2.3 HumanInvolvement Withinthe Ontology Alignment
Process
Integratingdifferentontologiesandcomputingassociationsbetweentheirconcepts
isconsideredadifficulttask. Despitebeinganactiveresearchareaformanyyears
[30],thefulautomationoftheontologyalignmentprocessthatcanproducequality
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Table2.1: Listofpopularalignmentsystemsalongwiththetypesofalgorithms
employedwithinthemtocalculatemappings.
AlignmentSystems AlgorithmTypes
String&Language Semantic Type Decision-theoretic Structural
COMA X X X X X
COMA++ X
OLA X X X X
PROMPT X X
S-Match X
Cupid X
QOM X X
RiMOM X
Anchor-Prompt X
mappingsonitsownisfarfrombeingpossible[37].Duetothecomplexityofhuman
languageandvariationsinhowthesameinformationmaybeencodedindifferent
ontologies,theoutputofautomaticontologyalignmentalgorithmsmayincludeer-
rorsoromissions[66].Hence,thereisaneedtoincorporatehumandecision-making
withintheontologyalignmentprocess.Thehumanmindisbettersuitedtounder-
standingthenuancesoflanguagethanautomaticalgorithms,andisveryeffectiveat
makingdecisionsbasedonincompleteorconflictinginformation[74].Themainidea
istoproducebetterqualitymappingsbytakingadvantageofahuman’sversatile
knowledgeaboutthedomainandabilitytointerpretlanguage,combinedwiththe
efficientabilityofmachinesforstoringlargeamountsofinformationandperforming
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repetitivetasks[74].
Humansaregoodatdevelopingnovelsolutions,adaptingtothecurrentsituation,
changingthestrategyiftheoriginalsolutionfails,andmakingdecisions[74].Onthe
otherhand,machinescanoperatewithvastamountsofdata,recalinformationac-
curately,performrepetitivetasksquickly,andcanmaintainperformanceforalonger
timeevenifcarryingoutmultipletaskssimultaneously[74].Therefore,itisanactive
areaofresearchtocombinethesehumancapabilitieswithimmenseabilitiesofma-
chines,andfindagoodbalancebetweenautomationandmanualworkinperforming
tasksathand[73].
Systemscombininghumanandmachinecapabilitiesinthecontextofontology
alignmentarereferredtoassemi-automaticapproachesintheliterature[28]andare
gainingimportanceintheontologyalignmentresearchdomain.Theyaregeneraly
comprisedoftwomainparts:firstistheunderlyingalignmentalgorithmthatisused
bythesystemtofindthecandidatemappingsset,andsecondisthedesignofthe
interfacethatisprovidedtotheknowledgemanagerinordertosupportontology
alignmenttasks.
Thesemi-automaticapproachesbuildupontheworkofautomaticmethods,pro-
vidinginformationaboutthecandidatemappingstoalowtheknowledgemanagerto
eitherconfirmorrejecteachmapping.Thismappingvalidationprocessismoreeffi-
cientthanmanualalignmentduetothefocuseddecisionmakingthatissupportedby
thesuggestionofcandidatemappingsproducedbytheautomaticalgorithms.Since
itmaybepossiblefortheautomaticalgorithmstomissimportantmappings,these
semi-automaticapproachesmustalsoalowtheknowledgemanagertomanualyadd
mappings.
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Semi-automaticapproachesforontologyalignmenthavebecomecrucialsinceau-
tomaticprocessescannotsatisfythequalityrequirementsofmappingrelatedtasks
[37,29].Involvinghumansinthisprocesscanmakethealignmentprocessmore
efficient,feasible,anduseful[37]. Withtheirversatilegeneralknowledge(whichis
difficulttoreproduceautomaticalyinmachines)alongwiththesophisticatedand
ampleprocessingpoweroftheirvisualsystem,humansbringinvaluableadvantages
insolvingproblems[29].Therefore,inadditiontothedevelopmentofthestate-of-
the-artalignmentalgorithms,carefulconsiderationisalsogiventothedesignofthe
interfaceofthesesystemsthatfacilitatestheinteractionofknowledgemanagerswith
thesesystems[37].
2.3 OntologyAlignmentInterfaces
Awiderangeofinterfaceshavebeenproposedtosupportthehumanelementof
mappingvalidationandmappingadditionwithinsemi-automaticontologyalignment
systems[28,37].Acommonthemeamongtheseinterfacesisthegraphicalrepresen-
tationofboththeontologiesthemselvesaswelasthemappings.Ratherthansimply
providingatextuallistofcandidatemappings,theseinterfacestakeadvantageof
informationvisualizationtechniquestoconveyboththestructureoftheontologies
andthemappinginformationtotheknowledgemanagersinagraphicalformat.
2.3.1 InformationVisualization
Informationvisualization[82]isaninterdisciplinaryfieldthatcombineshuman-computer
interaction,userinterfacedesign,cognitivepsychology,computergraphics,andin-
22
formationsystemstobridgethegapbetweenhumansandmachines.Thecoreidea
istobuildinteractivevisualmethodstorepresentabstractdatainordertoamplify
cognitionandhelpinuncoveringdifferentaspectsaboutthedata.Informationvi-
sualizationenhanceshumancognitionbyusingcomputersupported,interactive,and
visualrepresentationsofabstract,non-spatial,semi-structured,orhierarchicaldata
[49,53,82].Thevisualmethodsdevelopedforrepresentationsofabstractdatatake
advantageoftheswiftprocessingcapabilityofthehumanvisualapparatus[82].
Thevisualperceptionsystemofhumansisverypowerfulandquickinautomat-
icalyinterpretingcertainvisualfeatures.Informationvisualizationtakesadvantage
ofthisquickprocessingabilitytoenhancetheunderstandinganddiscoveryofnew
insightsaboutinvestigationaldata[53].Theinformationvisualizationfieldhasbeen
utilizedtoaddressthedifficultproblemofontologyalignment,whichhasresultedin
anumberofdifferentontologyalignmentinterfaces[1,20,27,31,37,59,66].
Consideringtheamountandcomplexityofdatathatisavailablefordifferentpur-
poses,effectivevisualizationrepresentationsforthisdataarerequired. Thesecan
bedevelopedusingrelevantinformationvisualizationtheoriesandprinciplestoef-
fectivelyview,evaluate,manipulate,andexploresuchdata. Visualandinteractive
representationscanbefurtherenhancedbytakingintoconsiderationtheuser’sex-
pectationsfromtheavailableinformation.Theimplementationoftheideasandthe
chosendesignmethodsforthepresentationofinformation,alongwiththeevaluation
oftheproductarealsoimportantaspectsofinformationvisualization.
Intheinformationvisualizationdomain,theoriesandprinciplesthathelpinun-
derstandingtheworkingofthehumanmindwhenperceivingobjects,interpreting
data,andinferencinglogicalconclusionsoutofvisualrepresentationofthepresented
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informationarealsostudiedextensively. Therearemanywel-definedtheoriesand
principlessuchaspre-attentiveprocessing,GestaltLaws,andcolourtheory,which
canbeeffectivelyusedtobuildusefulvisualizations.
Onephenomenonthatoccursconstantlyinthehumanvisualsystemisreferredto
aspre-attentiveprocessing.Thevisualsystemofthehumanbrainoperatesnaturaly
ataveryfastrate,whichalowsfastandseeminglyparalelprocessingofinforma-
tionassoonasitentersthroughtheretina. Bystudyingthevisualelementsand
conditionsthattriggerpre-attentiveprocessing,dataattributescanbemappedto
visualelementsthathighlightimportantaspectsofthepresentedinformationtoen-
ablequickprocessing. Themainnotionisthattheinformationthatisrequiredto
beprocessedpre-attentively,needstorepresentedcarefulysothatitstandsoutfrom
otherinformation.Anotherimportantfactisthatonlyasmalnumberofitemsthat
arevisualydifferentfromtherestcanbepre-attentivelyprocessed.Thisnumbercan
befoundbyperformingrepeatedexperimentsforthegiveninformationandbymea-
suringtheresponsetimeoffindingtheinformationfromtherest.Failingthat,the
pre-attentiveprocessingcannotbeachievedasthehumanvisualsystemwilnotbe
abletodetectanydifferencequicklyandfocusontheimportantinformation,which
willeadtothetypicaloptionofperformingaserialsearchtolookfortherequired
information.
Thereareanumberofdifferentvisualvariablesthatcanbepre-attentivelypro-
cessed(e.g.,curvature,lineorientation,linewidthshape,size,number,etc).Acurved
linerepresentingavaluableelementofinformationcanbepre-attentivelyprocessed
andquicklyidentifiedwhenaltheotherdatanearthiscurvedlineisshownasstraight
lines[82].Intermsoflinewidth,thewidthofthelinedefiningsubstantialinformation
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canbeincreasedtoenableitsquickprocessingwhilekeepingwidthsoftheotherlines
constant.Similarly,alimitednumberofovalshapescanbeprocessedswiftlyamong
alargenumberofcircleshapesonagivendisplay.Furthermore,ahugesquarecan
beeasilydifferentiatedfromthesetofsmalersquares.Similarly,amongthesetsof
acertainnumberofcircles(e.g,fourcircles)closelyplacedtoeachotherdistributed
overaspace,asetcontainingasmalernumberofcirclesfromtherest(e.g.,onlyone)
canbeswiftlydistinguished.Othervisualvariablesactivatingpre-attentiveprocess-
ingarealsoavailablethancanbeusedforpresentingdifferentkindsofinformation
withininformationvisualizationsystems[82].
Inordertodesigneffectiveinformationvisualizationsystemsforusers,itisim-
portanttostudyandunderstandhowhumansperceivepatternsandinterpretinfor-
mation.Inthisdirection,animportantstepwastakenbyagrouppsychologistsin
1912fromtheGestaltschoolofpsychology,whodesignedaseriesofexperimentsand
performedanumberofevaluationstoexaminepatternperception[82].Theresults
oftheseevaluationsarecommonlyknownastheGestaltLawsofPaternPerception
inthefieldofinformationvisualization.
TheGestaltLaws[50]fundamentalydealwithtwotypesofconcepts:perception
ofrelationships,andperceptionofforegroundfrombackground.Ingeneral,althe
GestaltLawspertaintounderstandhowthehumanmindperceivespatterns.How-
ever,threeGestaltlawsthatfocusonhowhumansautomaticalyinfertheexistenceof
arelationshipbetweenthingswhentheyarenearoneanother,visualysimilartoeach
other,andconnectedtooneanother,arerelevantandimportantforthisresearch.
Thelawofproximitysuggeststhatobjectsthatarepositionedneareachotherare
automaticalyperceivedtoberelated.Duetotheusefulnessofthisspatialproximity
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interpretation,itiscommonlyusedasadesignprincipleininformationvisualization
systems[82].Visualobjectsthatrepresentdatabelongingtothesamegroupcanbe
placednearbyeachothertofacilitatetheautomaticperceptionabouttheirrelated-
ness.Itisconsideredtobethesimplestwaytoaccentuatetherelationshipsbetween
differentdataelementsandiscommonlyusedtovisualyrepresentclusters[82].
Asemphasizedbythelawofsimilarity,visualobjectsthataredrawnsimilarly
areperceivedtoberelated[82]. Thislawiscommonlyusedasadesignprinciple
whenbuildinguserinterfaces.Forexample,same-sizeblackcolourfiledcircleswil
beperceptualygrouped,whenplacedinthesameinterfaceassame-sizecirclesthat
arefiledwithredcolor. Therefore,similartypeofvisualtechniquesaregeneraly
usedtoshowelementsthatrepresentrelateddata.
Thelawofconnectedness[82]hasresultedinacommonlyuseddesignprincipleto
showrelationshipbetweentwoobjects.Thislawassertsthatthesimplestandmost
effectivewayofexpressingthatanykindofrelationshipexistsbetweentwographical
objectsisbyconnectingthemthroughaline[82]. Thisdesignprinciplehasbeen
usedandextendedintomanygraphicalformsandstructuresthatareusedtoshow
relationshipsbetweencontainedobjects(e.g.,graphs,trees,node-linkdiagrams).
TheOpponentProcessTheoryofColour[57]providesdetailsabouttheinterpre-
tationofcolorbythehumanvisionapparatus.Itdescribestheprocessthroughwhich
thehumaneyecanperceivethedifferencebetweencolorsandthewaysinwhichthis
rawinformationisprocessedwithinthehumanbrain.Thefactthatwecanperceive
differentcolours,isafunctionofourconesensitivitytodifferentwavelengthsoflight.
Theabilityforthemindtoeasilydeterminethedifferencebetweenredandgreen,
yelowandblue,andblackandwhiteisexplainedbytheOpponentProcessTheory
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ofColour.
Accordingtothistheory,thehumanbraincombinesthestimulusfromtheavail-
ablethreecones(long,medium,short)beforeprocessingthem,whichresultsinsix
elementarycoloursthatareperceivedasopponentpairsalongthreechannels:red-
green,yelow-blue,andblack-white. Wecanseethedifferencesbetweencolourson
thesechannelsmuchmoreeasilythanwitharbitrarycolours.Forexample,aredob-
jectcanbeseenwithinamajorityofgreenobjectsmuchbetterthanifitissurrounded
byyelowobjects.Usingtheguidelinesofthistheory,thesixdifferentcoloursforming
thesechannelsareeffectivechoicestoencodethedistinctnessofdifferenttypesdata
attributes[82].Objectsthatarecoloredusingthesesixprimarycolorsareautomat-
icalyperceivedasdifferent,andcanbecarefulyusedtorepresentdifferentkindsof
informationonthesamescreen.Thistheoryalsoprovidesguidelinestousecolorsto
presentinformationcontainingorderandamountorintensity.Forexample,moving
alongtheblack-whitechannel,adarkercolorcanbeusedtofilashapeorarearep-
resentingabiggeramountorhigherrank,andalightershadeofthesamecolorcan
beusedtoshowalessamountorlowerrank[76].Similarly,rangeofnegativevalues
topositivevaluescanbeshownusingthered-greencolourchannel.
Anotherimportantaspectofinformationvisualizationisthesupportofinterac-
tion.Itisassumedthatmanyinformationvisualizationsystemstodayhavebasic
interactionfeaturessuchaszooming,filtering,andfocusing.Interactionistypicaly
integratedintothevisualrepresentations,whichalowsforachangeinthepresented
information[85]. Withtheinteractionsupport,userscanadministerandmanipu-
latethepresentedinformationaccordingtotheirunderstandingandrequirements.
Therefore,interactiontechniquescanimprovetheuser’scognition,alowingthemto
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easilyprocessandinvestigatethedataatadeeperlevel,andthenmaketherelevant
decisions.Informationvisualizationsystemswithoutinteractionstilexist;theyare
basicalystaticimagesandaverylimitednumberoftaskscanbeperformedusing
suchsystems[19].Intheabsenceofinteractionsupport,thesystemscaneasilybe
classifiedasnotuser-friendlyandtheirvaluecanbeadverselyaffected,specificaly
thosesystemsthatdealwithlargedatasets[85].
2.3.2 RepresentationofOntologies
Thefieldofinformationvisualizationprovidestheoriesandprinciplestodealwith
complexandlargeamountsofdata. Sinceontologiescontainlargecolectionsof
datastructuresthatrepresentconstructsofdomains,visualizationhasanenormous
potentialindealingwithontologies[53].Consequently,manyontologyvisualization
systemsincorporatedifferentvisualizationmechanismsforpresentingontologies.
Thepurposeofprovidingontologiesinavisualformatistoalowknowledge
managerstotakeadvantageoftheirvisualprocessingcapabilities. Withaneffective
visualrepresentation,knowledgemanagersareabletoreadilyperceive,interpret,
andmakesenseofthefeatures,relationships,andstructureamongthedata[10].
Therefore,showingontologiesingraphicalformatenhancestheknowledgemanagers’
cognitiveabilitiestovisualyprocessthepresentedontologies,whichcanhelpthem
ineffectivelyperformingtheassociatedtasks.
Becausetheontologiesthemselvesarestructuredasahierarchyofconcepts,the
logicalmethodforrepresentingthemisinatreestructure[48].Thisapproachisused
invirtualyalofthepriorresearchonontologyalignmentinterfaces[37,53]. The
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structureofontologiesalongwiththeirrelationshipsareshownasahierarchywhen
tree-basedrepresentationsareemployed.Underthiscategory,thesystemsgeneraly
presentontologiessimilartothewindows-explorerview[48]. Manysystemsthatare
specificalydesignedforontologydevelopmentfalinthisgroup,includingProt´eg´e
[60],OntoEdit[77],andOntoRama[24]. Oftenknowledgemanagersarealready
familiarwiththesemethods,thereforethesesystemsgeneralyhavehighacceptability
rateandusefulness[48].Sincetheontologiesthemselvesmaybemuchlargerthan
whatcanfitonaregularcomputerscreenevenusingthetreestructure,interactive
featuressuchasnodecolapsing/expansion,verticalscroling,andzoomingareoften
implemented.
Tree-basedrepresentationsarehighlystructuredandregularintheirinformation
layouts,andaresimpletoimplementanddisplay.Thisrepresentationoffersaclear
viewoftheclassnamesandhierarchy,andthelabelsrepresentingthemeaningof
thenodes.Sinceeverynodeisindividualypositionedandalocatedadefinedspace,
tree-basedrepresentationsgeneralyhavenoproblemsintermsofoverlappingand
occlusionofnodelabels[48].
However,researchersarguethatthetree-basedrepresentationstypicalymake
inefficientuseoftheavailablescreenspace[32]. Therootsideofthetreeisleft
completelyempty,leadingtoovercrowdinginotherparts.Eventhetreesofahundred
nodesoftenneedmultiplescreenstobecompletelydisplayed,orrequirescrolingsince
onlypartofthediagramisvisibleatagiventime.Inaddition,certaininteraction
issues,suchashavingtodragthescrolbarstonavigate,leadtonegativeopinion
abouttheirusefulness[48]asitisdifficulttokeeptrackoftheconcernednodes
withthescrolbarwhenthetreeislarge.OntoViz[75]addressthisspace-limitation
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problembygivinganoptionofinteractivelycolapsingnodes.Theknowledgemanager
canselectthenodeswhichtheywouldliketoseeandtheselectedconceptisthen
shownwithitssub-hierarchiesorrelatednodes.Inthisdirection,SpaceTree[64]
usesexpansionandcontractionoptionsforitssub-hierarchiestoavoidtheproblem
ofspacelimitation.TheevaluationssuggestthatSpaceTree[64]performsbetterin
comparisonwithothersinspecificontology-relatedtaskssuchasfindingaparticular
node.
Someresearchershaveexploredtheuseofunstructuredgraphrepresentationsfor
theontologies[48,53]. Thelackofstructureoftheserepresentationsimpliesthat
theycanbeverycompactandprovidesadvantagesintermsofavailablespaceon
thedisplay. However,theyarelesseffectiveforthepurposesofontologyalignment
duetothefactthatthehierarchicalstructureoftheontologyisdifficulttoperceive
andunderstand. Furthermore,itcanberatherdifficulttocomparesubsetsofthe
ontologicalstructure. Becauseoftheseproblemsandtheprevalenceoftree-based
representations,inthisworkthetree-basedrepresentationshavebeenadopted.
2.3.3 Representationof Mappings
Inalignmentsystemsthatusetree-basedrepresentations,sourceandtargetontology
treesarenormalyshownonoppositesidesofthescreenwhilethemiddleregion
isusedtorepresentmappingsbetweentheentities.Inthisdirection,thesource
andtargetontologytreeplacedareontheoppositesidesofthescreeninPROMPT
[59,62],however,themappingrepresentationisreplacedbyalistcomponentinstead
ofstraightorcurvedlines,whichdisplaysaltheproducedmappingsinalistandis
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showninthemiddle.
Themappingbetweentwoconceptsrepresentstheassociationbetweentwodata
elements.Sincehumansinterprettwothingsasbeingrelatediftheyareconnected
bylinesassuggestedbytheGestaltLawofconnectedness[50],theeasiestmethod
tomakeusersinferandtracetheconnectednessbetweenthetwomatchedontology
conceptsisbylinkingthemviaaline.Therelatednessencodedusinglinesisauto-
maticalyperceivedandquicklyprocessedthroughthepre-attentivecapabilitiesof
thehumanbrain. Thisencodingcanbeusedbysystemstorepresentassociation
amongobjects(i.e.,mappingsandmatchedconcepts).
Whileearlyapproachesusedstraightlinestoconnectassociatedentitiesbetween
theontologies,therearevisualdifficultieswhenfolowingsuchconnectionsdueto
thesharpcornersthatarecreatedbyedgecrossings.Forexample,AgreementMaker
[16]displaysthehierarchicalrelationshipbetweentheontologyclasses(i.e.,theinput
ontologies)usingthetree-basedrepresentation(seeFigure2.3).Thesourceandtarget
ontologytreesareplacedontheoppositesidesofthescreen,whilestraightlinesare
usedtorepresentthemappingsbetweenthemappedclassnodes[37].Onefeatureis
thattheamountofsimilarityinpercentageamongthemappedconceptsisdisplayed
alongthemappinglinesasanumber,whichcanbenoticedeasilybytheknowledge
manager.However,visualyencodingthisinformationalongthemappinglinecauses
avisualmess. Anotherfeatureofthesystemisthatmappinglinescanbefiltered
accordingtothesimilaritythresholdsetbytheknowledgemanager.Moreinformation
aboutanindividualconceptinthetwogivenontologiesismadeavailableseparately
inadetailwindowwhentheknowledgemanagerclicksonthenoderepresentingthat
concept.Theknowledgemanagercanalsoaddtheirownmappingsbyselectingany
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twonodesandthentriggertherelevantoperationinthemenu.
Sincethehumaneyecanmorereadilyfolowcurvedlines[82],someontology
alignmentinterfacesnowusecurvestorepresentthemappings[1,31]. COMA++
[1,42]hasasimilargraphicaluserinterfacetoAgreementMaker[16],showingthe
ontologiesontheoppositesidesofthescreen(seeFigure2.4). However,mappings
linesfoundbytheunderlyingmappingalgorithmaredrawnusingcurvedlinesrather
thanstraight.Thefeaturesintermsofrelevantmappingoperations(i.e.,validation
andrejection)arealsosimilar,suchasalowingknowledgemanagerstodefinetheir
ownmappingsformatchesthatthemappingalgorithmmissed.Aconfidencemeasure
isassociatedwitheachmapping,whichshowsthelevelofconfidencethemapping
algorithmhasforthecorrectnessoftheparticularmapping.
Thestatusofthemappingcanalsobeconveyedbyvisualparametersofthe
curve.Insomesystems,colourisusedtorepresentthedifferencebetweencandidate
mappingsandconfirmedmappings[1,31].Linestyle(e.g.,solid,dashed)mayalso
beusedtoconveythisinformation[31],alowingtheknowledgemanagertoreadily
identifyfeaturesofindividualmappings.
Anopenissueinthisareaiswhethertovisualyrepresentmappingswheneither
endofthemappingisnotvisibleintheontologyrepresentation.Thissituationmay
occurwhenaparticularportionofoneontologyiscolapsed,orwhenanentityis
notvisibleduetothescrolingofalargeontology.Somesystemscontinuetoshow
thesemappings,withtheendpointingtoacolapsednodeorbeingdirectedoffthe
bottomortopofthedisplay[31,67].Anothermethodistodynamicalyfilterthese
mappings,addingthembackinasthecolapsednodeisexpandedorastheknowledge
managerscrolstheontologies[31].
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Figure2.3:ScreenshotoftheinterfaceoftheAgreementMakersystem[15,16]
Figure2.4:ScreenshotoftheinterfaceoftheCOMA++system[28]
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2.4 Ontology MappingsRepresentationIssues
Improvementsfortherepresentationofontologymappingshasbeengivenlittleat-
tentionintheliteraturecomparedtothedevelopmentofalignmentalgorithms(Sec-
tion2.2.3)andontologyrepresentations(Section2.3.2). Knowledgemanagersof
ontologyalignmentsystemsfindtwomajorshortcomings:alackofavailabilityof
thebasicvisualizationandnavigationofmappingsthatrelatetwoelementsofthe
schemas,andtheinterfacebecomingeasilydisorganizedwhentheontologiesand
numberofmappingsaretoolarge[67].
Oneofthefundamentalproblemswithvisualyrepresentingmappingswithlinesor
curvesisthatedgecrossingsmayoccurwhentheorderoftheentitiesisnotconsistent
betweentheontologies.Althoughtheuseofcurvestorepresentthemappingsmakes
theseedgecrossingseasiertofolow,theproblemisnotsolvedwiththeuseofcurves.
Thecandidatemappingsproducedbythealignmentsalgorithmsaregeneralyvery
largeinnumber. Assuch,whenrepresentingarealisticsetofmappings,theedge
crossingsmaycauseasignificantdegreeofvisualclutter.
Clutterisanimportantconceptindailylivesandisconsideredwithgreatsignif-
icanceintheinformationvisualizationdomain[69].Itisdefinedasastateinwhich
surplusitemsortheirrepresentationorpresentationstyle,mayleadtoadegrada-
tionofperformanceatsometask[69].Forexample,cluttercaninterferewithnormal
taskssuchassearchingforanimportantitem(e.g.,aresearchpaperonadisorganized
deskthathaslotsofotherirrelevantpaperslayingaround).Inthelanguageofuser
interfacedesign,itreferstoasituationthathasthepotentialtocreateobstaclesin
performingasimpletasksuchasvisualsearching. Whendesigninguserinterfaces,it
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isoneofthebasicproblemsfacedbysystemsthatpresentextensiveamountofinfor-
mationandhavelimiteddisplayspace.Severalattemptshavebeenmadetoaddress
thisphenomenonandprovidedifferentmechanismstomeasurevisualclutter[69].
Manyinformationvisualizationtechniquesalsoexistforaddressingthisproblem[25].
Inthecontextofontologyalignmentinterfaces,thisclutterduetomappingedge
crossingsreducestheusabilityoftheinterface,makingitdifficultfortheknowledge
managertovisualytraceamappingfromsourcetodestination,ortomakecompar-
isonsbetweenmappings. Whileoneapproachmightbetofindanoptimalorderingof
entitiesintheontologyrepresentations,thereisnoguaranteethatsuchanordering
existsnorthatitisanorderingthatwil makesensetotheknowledgemanager.
Mostoftheontologyalignmentsystems,includingtheonesdiscussedinSec-
tions2.2.3and2.3.3,provideverybasicvisualizationtoolsandlimitedinteraction
optionsformanipulatingmappingsandtoconductalignmenttasks. Astheknowl-
edgemanagerhastoperformtheexhaustingtaskofvalidatingcandidatemappings
producedbythesystem,thereisaneedforabetterorganizationofontologymap-
pingscombinedwithinteractionsupportforontologyalignmenttasks(i.e.,mapping
validation,andaddition).
Inthisdirection,BizTalkMapper[67]attemptstoemployadvancedvisualization
approachestolessentheclutteringproblem,aswelasmanyvisualtechniquesto
supporttheknowledgemanagerinperformingmappingtasks.Itsupportsdifferent
kindsofauto-scroling.Forexample,giventhesourceandtargetontologytreespre-
sentedontheoppositesidesofthescreen,whentheknowledgemanagerselectsan
item,therelevantobjectsonthescreenbecomeprominentthroughhighlightpropa-
gation.Inaddition,theinterfaceisauto-scroledtobringthehighlightedmappings
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andtheselectediteminthemiddleofthescreen. Thiswayaltherelevantlinks
totheselecteditemareshownasmuchaspossible. Anotherinteractivefeatureis
multi-select,whichalowsthemanagertoseemultipleelementsandtherelationsthat
existbetweenthem.Themappinglinksarealsobendablesothatthemanagerscan
makechangesintheformationofthemappinglinesaccordingtotheirneeds.
Evenwiththesefeatures,whentherearealargenumberofmappings,itremains
difficulttoavoidclutterintherepresentation.Thefundamentalproblemisthateach
individualmappingcontinuestoberepresentedbyastraightorcurvedlinewithinthe
interface.Thiscausessignificantedgecrossingsevenwithasmalnumberofmappings
edgesthatresultsintotheintroductionofvisualclutterontheinterface.Anexample
ofthisproblemcanbeseeninFigure2.5.Theproposedapproachisaddressingthis
fundamentalissuethroughtheimprovementofthevisualrepresentationoftheedges.
Figure2.5:AsnapshothighlightingtheclutteringprobleminBizTalkMappersys-
tem[67].
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2.5 BaselineSystem
CogZ[29,31]isaninteractivevisualtoolthatwasdevelopedtoimprovethequality
ofaknowledgemanager’sinteractionwiththealignmentsystem.Itisapluginof
PROMPT[59],whichusesthesimilarityfloodingalgorithmalongwithstring-based
andlanguage-basedalgorithms(discussedinSection2.2.3),tocalculatethemappings
betweentheprovidedsourceandtargetontologies.Itprovidesasimilarinterfaceto
COMA++[42]andAgreementMaker[16],byrepresentingsourceandtargetontologies
astreesandplacingtheminoppositesidesofthescreen.However,itimprovesthe
mappingrepresentationbyreplacingstraightlineswithBeziercurves[84].PROMPT
isbuiltwithintheframeworkofProt´eg´e[60],whichalowsontologyinputsinpopular
fileformatssuchasRDFandOWL,andfacilitatestheprocessingofontologyfiles
intotheformatthatcanbeprocessedbyalignmentalgorithmsinPROMPT.
ThemaininterfaceofCogZisshowninFigure2.6.Themarkedareas“A”and
“B”showthetreeformsofthesourceandtargetontologies,respectively.The“C”
componentshowsthered-dottedandblack-solidBeziercurves[84]thatareusedto
representthecandidateandconfirmedmappings,respectively. Thetopbarpanel
“D”showsbuttonstoexecutedifferentfilteroperations,andactionbuttonsrelated
tomappingdecisions.Finaly,thewindowmarkedas“E”isusedtolistthecandidate
mappings,completedormarkedmappings,andneighbornodesoftheselectednode.
Whentheknowledgemanagerhoversoveramappingcurve,atooltipcontaining
moredetailsabouttherepresentedmappingisdisplayed.Thismethodprovidesthe
managerwitheasyandquickaccesstotheimportantinformationaboutthemapping,
whichisusefulinmakingacorrectmappingvalidationdecision(acceptorreject)[28].
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Figure2.6:ViewofthemaininterfaceoftheCogZsystem[28].
Theprocessofaddingamissingmappingisverysimple. Aftertheknowledge
managerhaslocatedanytwounmappedbutrelevantconceptsfromthesourceand
targetontologies,themanagerisrequiredtoselectbothoftheconcepts. Afterthe
selection,theknowledgemanagerisrequiredtoclickonthe“m+”buttononbar
panel“D”tocreatethemappingbetweentheselectedconcepts,andaddthenew
mappingtotheexistingmappingset.Immediatelyupontheclick,anewsolidcurve
isdrawnreflectingamappingbetweentheselectedconcepts.
Thesystemalsoprovidesimportantfeaturessuchasanincrementalsearchon
thesourceandtargetontologiesthatareactivatedassoonastheknowledgeman-
agerstartstypinginthesearchbar. Onlythoseontologyconceptsthatmatchthe
keystrokesoftheknowledgemanagerareleftvisibleintherelevanttreewindow.It
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alsoprovidesafilteringoperationontheontologiesaswelasontheproducedcan-
didatemappings[28].Forexample,theknowledgemanagercanfiltertheontology
treeconceptstoonlyshowthoseconceptsforwhichmappingsexist.Inaddition,the
ontologytreescanbefilteredtoshowonlythoseconceptsthatareconnectedthrough
candidateorconfirmedmappings.
ThehighlightpropagationfeatureofCogZalowstheknowledge managerto
focusontheselected-individualmappingbymakingaltheothermappingssemi-
transparent[28].Thesystemalsoprovidesoptionssuchassemanticzooming[35]and
fish-eyeviews[34]forthesourceandtargetontologytrees. Thesemanticzooming
supportsdifferentsizesettingsfortheontologytrees,whichcanbesetbyknowledge
managersaccordingtotheirpreference.Sincethesizeoftheontologytreesaffect
thenumberofentitiesvisibleonthescreenatagiventime,thenumberofrelevant
mappingsthatarevisiblealsochangeaccordingly.Thefish-eyeviewhelpsinhandling
largeontologiesbykeepingthefont-sizeconstantfortheselectedconcepts,whilede-
creasingthefont-sizeoftherestoftheconceptsaccordingtotheirrelatednesstothe
selectedconcepts[28].Thismethodalowsthemanagertoseemoreoftheontologies
inthesameavailablespace(seeFigure2.7).
TheCogZsystem[31,29]incorporatesmanyfeaturesthataredesignedtosup-
portthehumandecisionprocesses,aswelasemployingsomeremediestolessenthe
commonproblemsfacedbyknowledgemanagers.Itwasdevelopedtoinvestigatethe
benefitsofprovidingbettersupportforontologymappingtoknowledgemanagers
usingthealignmentsystemPROMPT[62],whichcontainscurrentstate-of-the-art
mappingalgorithmstocalculatemappingsbuthasalimiteduserinterface. CogZ
employssomeofthefeaturesinBizTalkMapper[67],butinsteadoftheauto-scrol
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Figure2.7:Thefish-eyezoomfeatureoftheCogZsystem[28].
feature,ituses“user-guided”scroling.Forexample,whenthescrolingactivityin
anysourceortargettreeisdetected,thelocationofbothtreesissynchronizedde-
pendingontheselectedoption. Asaresultoftheinteractionwithamapping,the
appearanceofontologytreesandthemappingarealwayskeptconcurrent.
Becauseoftheabovefeatures,CogZ[31,29]isconsideredasthestate-of-the-art
intermsontologyalignmentinterfaces.However,thesystemstilfacestheproblem
ofvisualclutterwhenthenumberofmappingstobeshownislarge(seeFigure2.8).
Therefore,toimprovetherepresentationofontologymappingsoverthisstate-of-the-
artinterface,CogZwasselectedasabaselinesystemforthisresearch.Asanadded
benefit,itisanopen-sourceprojectthatfacilitatestheintegrationofnewfeatures.
40
Figure2.8: ResultsofpresentingalargenumberofmappingsonCogZ’sinterface
[28].Thelightred-colordottededgesrepresentthecandidatemappings,edgesturn
darkerwhentheknowledgemanagerhoversoverthemandthetooltipisalsomade
visible.
2.6 EdgeBundling
Theamountofvisualclutteronavisualinterfacecanpotentialybedecreasedby
groupingorcategorizingthepresenteddataitemsaccordingtotheirsimilarcharacter-
istics[69].Folowingthisconcept,edgebundling[45]wasdevelopedwithinthegraph
visualizationresearchcommunityasamechanismforsimplifyingthevisualrepre-
sentationsoflargeandcomplexgraphs.Insuchgraphs,edgecrossingsmaycause
asignificantamountofvisualclutter,makingitdifficulttodiscernpatternsinthe
graphstructure.Bybundlingedgesthathavesourcesanddestinationsincommon
regionsofthegraphintoclusters,thepatternswithinthegraphcanbemademore
apparent.Thatis,replacingmanyindividualedgeswithamuchsmalernumberof
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Figure2.9:Thesnapshotofasystemfrom[45]presentingthemigrationdatabetween
differentpartsoftheworldusing(a)withoutedgebundling(b)withedgebundling.
bundlesnotonly“cleansup”theclutterinthevisualrepresentation,butbundlescan
bemorereadilyfolowedbythehumaneye.
Anexampleoftheedgebundlingalgorithmoveragraphrepresentingmigration
betweendifferentpartsoftheworldisshowninFigure2.9.Sincetherearetoomany
edgesconnectingdifferentnodes,itisdifficulttodetermineanypatternsfromFig-
ure2.9(a).However,afterthebundlingisapplied(Figure2.9(b))itiscomparatively
easiertocomprehendthepresentedinformationandmaketherelevantinferences
aboutthepresenteddata.
2.6.1 TheoreticalFoundation
Edgebundlingprovidesaclearadvantageintermsofefficientuseoftheavailable
visualspaceonthescreenandreducingvisualclutter. Differenttheoriesfromthe
domainsofinformationvisualizationandcognitivepsychologyalsosupportthenotion
behindtheedgebundling. Therefore,inadditiontothestreamliningofthevisual
representation,thereisalsoatheoreticalfoundationforthevalueofedgebundling.
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2.6.1.1 GestaltLaws
AsintroducedinSection2.3.1,theGestaltLawsarecommonlyusedinthedomainof
informationvisualizationtoexplainhumanperceptionofrelationshipsamonggraph-
icalentities[50,82].Theconnectionbetweentherelatedentitiesofthesourceand
targetontologiesisshownusingmappinglines.Therefore,theconnectednesswilbe
automaticalyinterpretedduetothelawofconnectedness. However,thenotionof
relationsbetweentherelevantconceptsbetweenontologiescanbeconveyedviathe
othertwoprinciples(i.e.,proximityandsimilarity).
Thelawsofproximityandsimilaritysuggestthatthehumanmindwiljudge
elementstoberelatediftheyarenearoneanotherandiftheylooksimilar[50].In
otherwords,objectsthatappearcloserandlookvisualysimilartoeachotherare
automaticalyconsideredrelatedtoeachother.Theselawsofhumanperceptionare
repeatedlytranslatedintoseveraldesignprinciplesforuserinterfaces.Theycanalso
beusedtopresentdifferenttypesofinformationinsuchawaythattheintended
understandingofrelationshipswithinthepresentedinformationontheinterfacecan
beautomaticalyperceivedbytheuser.Theselawsarealsoapplicableforthisresearch
thatprovidesupportforsuchvisualmethodsthatcanbeemployedtorepresent
proximityandsimilarity.
Theedgebundlingprocessmodifiessegmentsoftheindividualmappingedges
andbringsthemclosertoeachothertoformbundles.Theeffectisthatalmostalof
theindividualmappingsedgesaregroupedintoanumberofbundlesonthescreen.
Folowingthelawofproximity,themappingedgespresentintheseindividualbundles
wilbeinterpretedandperceivedasbeingrelatedmappingsbecauseoftheirclose
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proximitytooneanother.Thesealsoreflectsimilarityinsubsetsofthestructuresof
thetwoontologies.Thiswilalowtheknowledgemanagerstoquicklyunderstand,
relate,andevaluatethemappingspresentinthebundlesaccordingly,whichmayhelp
inperformingtheassociatedtasksmoreefficientlyandeffectively.
Sincethepositionofedgesegmentsaremodifiedtobeincludedinabundle,their
shapeshavealsomodifiedandthefinalresultisthattheoveralshapeoftheedges
withinthebundlearevisualysimilar. Accordingtothelawofsimilarity,thiswil
furtherenhancetheimpressionofrelatednessoftheseedges,whichwilhelpknowledge
managerstousethisinformationtotheiradvantagewhileperformingtherelevant
tasks. Theseperceptionsofrelationshipsamongtheedgesleadtotwoadditional
theoriesregardinghumanreasoning:categorizationtheory[68]andcognitiveload
theory[12].
2.6.1.2 CategorizationTheory
Categorizationtheoryprovidesevidenceregardingthecognitiveprocessbywhich
humansorganizeinformationintocategoriesorclasses[63].Italsoexplainsthetypes
ofconceptsandwhyhumansclassifythings[63].Categorizationisfundamentaltoour
thoughts,action,speech,andperception,aswheneverweareanalyzinganysituation
wearecategorizingnotonlyscenarios,butthingsandactions. Logicalreasoning
andconclusionsaboutasituationarealsocloselytiedtocategorization[68]. Our
naturalcapabilitytocategorizeknowledgehelpsustodealwiththeinformation
presentedtous,andaidsinourdecision-makingprocesses. Themoreeffectivea
categorizationcanbe,thebetterapersonisabletoperformindrawingaconclusion
[68]. Withoutcategorizationhumanswilnotbeabletofunctioncompletely,therefore
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itisimportanttostudycategorizationasitiscentraltounderstandingourthinking
process[52].
Thebasicprincipleforformingcategoriesprovidedbythetheorydescribesthe
functionalityofcategorizationsystems,andstressesthatthefundamentaltaskof
thecategorizationsystemistoprovidemaximuminformationwiththeleastpossible
cognitiveloadontheuser[68].Categorizationcanreducethecognitiveloadassociated
withthestorageandorganizationofknowledge. Witheffectivecategorization,the
usercangainmaximuminformationatminimumcognitiveexpense[63].Therefore,
problemsolvingsystemscanbenefitbysupportingtheuser’scategorizationeffortsby
automaticalygroupingrelatedinformation.Assuch,categorizationtheorysuggests
thatifinformationispresentedsuchthatitisalreadyorganized,thecognitivework
requiredtounderstandandanalyzetheinformationwilbereduced.
2.6.1.3 CognitiveLoadTheory
Cognitiveloadtheory[78]statesthatlearningcanbeenhancedbythepresentation
ofinformation,andexplainstherelationshipbetweenmemoryloadandtheabilityto
solveproblems.Humanworkingmemoryislimitedandhenceitcanprocessonlya
limitednumberofitemsatatime.Althoughthetheoryfocusesontherelationship
betweenthehumanmemorycapacityandhowiteffectstheproblem-solvingskilsor
strategiesofusers,interestingconstructsandrelationshipscanbeinferredfromthis
theory.Itclearlyilustratesthatcognitiveloadresultingfrominformationoverload
severelyaffectsauser’sperformance.
Relatedtocognitiveloadtheory,thesplit-atentioneffect[13]isalearningeffect
thatisunavoidablewheninformationispresentedpoorly. Whenmultiplesourcesof
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informationarepresenteditleadstoincreasedcognitiveload. Thiseffectrefersto
theprinciplethattheseinformationsourcesfirstshouldbeintegratedbeforebeing
used. Researchstudieshavebeenconductedtostudylearners’abilitiestoprocess
information[13,65].Inonestudy,thelearnerswerebetterabletoeasilyprocess
andunderstandtheinformationthatwaspresentedinamoreintegratedfunction,
whencomparedtoothermethodsusingmoreseparatedformstopresentthesame
information[13].Cognitiveloadtheorysuggeststhatifmemoryloadcanbereduced,
decision-makingspeedandaccuracycanbeincreased.
Basedonthesetheoreticaljustifications,theproposedbenefitofedgebundling
isthatitsupportstheinterpretationoftherelationshipsamongtheedges,aidsthe
knowledgemanager’smentalcategorizationefforts,andalowstheanalysisofclusters
ofedgesratherthanindividualedges.Byconsideringtheclusters,thecognitiveeffort
incategorizingtheedgesisreduced,asisthememoryloadassociatedwithdecision-
makingtasks. Thefinaloutcomeisanexpectationofmoreefficientandeffective
analyticalreasoning,decision-making,andproblem-solving.
2.6.2 EdgeBundlingAlgorithm
Althoughthereareanumberofdifferentmethodsforimplementingedgebundling,
apopularapproachistouseaspringlayoutalgorithm[45].Spring-basedalgorithms
havebeenusedformanyyearsfordynamicgraphdrawing[22]. Assuch,itisa
naturalapproachtousewithinedgebundling.Spring-basededgebundlingdivides
eachedgeintoanumberofsmalsegments.Thepositionofeachsegmentiscompared
tothepositionsofalsegmentsintheotheredges,andavirtualspringisattached
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Figure2.10:(a)Priortothebundlingprocess(b)Afterthebundlingprocess
ifthesegmentsaresufficientlynearoneanother.Aniterativeprocessminimizesal
theforcesactingonthespringsbymovingtheconnectededgesegmentsclosertoone
anotherandawayfromeachother. Theendresultisagroupingofedgesegments
andanassociatedbundlingoftheedgesthemselves. Thevisualeffectissimilarto
thewayelectricalwiresaremergedtogetherwithinabundledcable,andseparated
(orfrayed)attheend.Asampleofthebeforeandafterresultsoftheexecutionof
thisprocessisshowninFigure2.10.
Thereareanumberoffactorsthatcontrolthetradeoffbetweenefficiencyand
effectivenessinthebundlingprocess.Chiefamongthesearethesizeofthesegments,
thedistancethresholdbetweensegmentsthatexertspringforcesupononeanother,
andthenumberofiterationstakentominimizethespringforces.
Ifeachedgeisdividedintoasmalnumberoflargesegments,thenumberofsprings
wilberelativelysmal,andthespringforcescanbeminimizedquickly. However,
doingsocanmakethetransitionpointsbetweensegmentsappearassharpangles.
Smalersegmentsgivetheimpressionofacurveratherthanaseriesofconnectedline
segments,makingthepatheasierforthehumaneyetofolow. Unfortunately,this
resultsinalargernumberofspringswithconsequenthighercomputationalrequire-
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ments. Thus,thetradeoffbetweenthequalityofthevisualrepresentationandthe
computationalcostsmustbeconsidered.
Thedistancethresholdthatdictateswhetheravirtualspringisorisnotadded
betweenapairofedgesegmentshasanimportantoutcomenotonlyonthecomputa-
tionalcostsbutalsothefinalbundlingoutcome.Ifthisthresholdismadetoosmal,
thecomputationalcostswilbelow(duetothesmalnumberofsprings),andvery
littlebundlingwiloccur.Ifthisthresholdismadetoolarge,thecomputationalcosts
wilbegreat,andasmalnumberofverydensebundleswilbegenerated. Care-
fulytuningthisparameterinordertoproduceasufficientlyusefulbundlingatan
acceptablecomputationalcostisnecessary.
Choosingthenumberofiterationstakentominimizethespringforcesalsorequires
consideration.Toofewiterationsandthebundleswilnotbewelformed;toomany
andtimeiswastedonminormodificationsofthesegmentswithlittlevisualimprove-
ment.Ratherthancontrolingtheprecisenumberofiterations,itismorecommonto
specifyathresholdforchangesbetweeniterationsthatsignalsconvergence,together
withalimitforthemaximumnumberofiterations.
2.6.2.1 Compatibility Measures
Forgraphs,thebundlingprocesscarriedoutusingthespringlayoutalgorithmusualy
resultsinhighamountsofbundling(i.e.,toomanynon-relevantedgesjoinabundle)
[45].Holten&van Wijk[45]describedandimplementedspecificedgecompatibility
measuresforcomplexgraphstructures,inordertocountertheover-bundlingproblem.
Thesecompatibilitymeasuresusethedifferentaspectsoftheedgebundlingalgorithm
applicablemostlyforgeneralgraphs[45].
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Toavoidbundlingedgesthatareperpendiculartoeachother,theanglecompat-
ibilitymeasurecalculatestheanglebetweentwoedges[45].Thisvalueismaximum
whentheedgesareparaleltoeachother,andisminimumiftheedgesareorthogonal
tooneanother[45].Usingthiscompatibilitymeasure,thoseedgesthathaveanangle
thatapproachesperpendicularityarediscouragedfromjoiningthebundle.
Duringtheedgebundlingprocess,italsopossiblethatcertainedgesthatareof
differentlengthscanbebundledtogether.Includingsuchedgesinthebundlecan
distorttheoveralshapeofthebundle.Therefore,thescalecompatibilitymeasureis
developedtodiscouragesuchedgesfromjoiningabundlebaseduponlengthsofthe
edgesinconsiderationforbundling[45].Edgesthatareequalinlengtharealowed
tobebundledandviceversa.Usingthismeasure,theedgesthatarecloserorequal
inlengthtoeachotherarefavouredtobeincludedinthesamebundle.
Thevisiblecompatibilitymeasurewasintroducedtofilteroutedgesthatarepar-
alel,equalinlength,andclosetogetherbutstilshouldnotbebundled.Theexample
ofsuchedgesistheoppositeedgesofparalelogram[45].Tocalculatethevisiblecom-
patibilityvalueofthetwoedges,bandofsight(i.e.,aprojection)isextendedfrom
oneedgeontotheextendedlineofotheredge.Theintersectingpointsofthisbandof
sightarealsocalculated.Soifthesetwoedgesareexactlyparaleltoeachotherthe
midpointofthebandofsightwilexactlycoincidewiththemidpointofthesecond
edge,whichalowstheseedgestobebundledaccordingtotheirvisiblecompatibility.
Inothercases,thisdegreeofcompatibilitydependsuponhowfar(horizontaly)these
twoedgesarefromeachother.Thismeasureisveryeffectiveinleavingthoseedges
outfrominclusionintobundlesthatarenotvisiblycompatible.
Inordertoavoidbringingcloserthoseedgesthatarefarfromeachotherinterms
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ofdistancethepositioncompatibilitymeasurewasintroduced.Foranytwocandidate
edges,thevalueofpositioncompatibilityiscalculatedbycomparingthemidpoints
oftheseedges.Thiscompatibilitymeasurefavourstheedgeswhentheyarealigned
[45],andthedegreeofthismeasuregreatlydecreasesasthedistancebetweenthe
midpointsoftheedgesreachesinfinity.Thisisthemostimportantmeasureinalthe
compatibilitymeasuresasitensuresthebasicconditionofbundlecompatibilityof
edges.Usingthismeasure,thoseedgesthatarefarfromeachotherarediscouraged
frombeingbundledtogether,andasignificantamountofcomputationalprocessing
timecanbesaved.
Afteralthevaluesfromtheabovedifferentcompatibilitymeasureshavebeen
calculated,thenextstepistomultiplyalthevalues,whichresultsinabundling
compatibilityvalue. Thiscompatibilityvaluecanbeusedaglobalthresholdvalue,
whichcanbesettocontroltheoveralamountofbundlingfortheedges. Since
differentamountsofbundlingcanbeobtainedbyvaryingthisglobalthresholdvalue,
usersaregeneralyalowedtomodifythisvalueaccordingtotheirrequirementsfor
thebundlingprocess.
2.6.3 BenefitsandDrawbacksofEdgeBundling
Withinthecontextofontologyalignment,edgebundlingcanbeconsideredamethod
forvisualycategorizingthemappings.Thatis,thoseedgesthataregroupedtogether
maybeconsideredacategoryduetotheirsimilarpathbetweenthetwoontologies.
Therefore,edgebundlingcanhelpinreducingtheamountofvisualclutter[69].In
additiontoreducingvisualclutter,itisexpectedthatsuchanapproachtorepresent-
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ingthemappingswilreducethecognitiveeffortrequiredtounderstandthemappings
[78],whichcanleadtoperformancegainsduringthemappingvalidationandaddition
tasks.
Whileedgebundlingcanalowthestructureoftheedgeswithinagraphtobecome
moreapparent,itdoesintroduceanewproblem. Byclusteringtheedgeswithina
bundle,ambiguityisintroducedintothevisualrepresentation. Thatis,withedge
bundlingitisnolongerpossibletovisualyidentifytheprecisesourceanddestina-
tionofagivenedge.Instead,althatcanbedoneistoidentifyanumberofpossible
candidatedestinationnodesforagivensourcenode.Hence,wheneveredgebundling
isimplementedinasettingthatrequirespreciseinformationtobeextracted,interac-
tivetoolsarerequiredforthedisambiguationofthebundles.Theprocessofbundling
temporarilyhidessomeamountofinformationthatispresentedonthescreen.How-
ever,theinformationisnotremovedandisavailablebyusingtheinteractivefeatures
developed.
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Chapter3
EdgeBundlingwithinanOntology
AlignmentInterface
3.1 Motivation
Asdiscussedinthepreviouschapter,ontologyalignmenttoolscurrentlyfaceproblems
inprovidingeffectivevisualizationofontologymappingswhenthemappingsarelarge
innumber. Thesourceandtargetontologiesarenormalypresentedastreeswhile
themappingsbetweentheirentitiesareshownaslinesconnectingtheconceptsin
thegivenontologies[48]. Duetothelimitedavailabledisplayspacetoshowthese
mappinglines,alargenumberofedgecrossingsisinevitable. Thissituationleads
toasignificantdegreeofvisualclutterthatdecreasestheusabilityoftheontology
alignmentinterfaces.
Sincetheontologyalignmenttasks(i.e.,mappingvalidationandaddition)areal-
readytime-consumingandrequireagreatamountofpatienceandeffort,thepresence
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ofvisualclutterduetomappingedgecrossingsfurtherincreasesthedifficultiesfor
theknowledgemanagerinperformingthesetasks.Aclearandorganizedviewofthe
mappingswilhelpinreducingthecognitiveloadandfrustrationexperiencedbythe
knowledgemanager. Therefore,themainaspectofthisresearchistoimprovethe
representationandorganizationofmappingsforanexistingstate-of-the-artontology
alignmentsysteminterface,withthegoalofincreasingtheproductivity,effectiveness,
andsatisfactionofknowledgemanagers.
Toaccomplishthis,apromisingapproachfromthedomainofgraphvisualization
referredtoasedgebundlinghasbeenimplementedwithinanexistingontologyalign-
mentsystem(CogZ[31]),withinteractivesupportforconductingalignmenttasks.In
largegraphs,theedgebundlingisdesignedtoreducetheamountofvisualclutterby
combiningthecommonpathwaysofedgesthatarenearoneanother;thegoalwithin
ontologyalignmentsisthesame. TheextendedsystemhasbeennamedasCogZ-e
(orCogZ-extended).
ThedetailsofthevisualandinteractivefeaturesofCogZ-ewilbedescribedin
thischapter,alongwithimplementationdetails. Acomprehensiveexampleisalso
providedtoilustratethepotentialbenefitsofthesystem.Thechapterwilconclude
withadiscussiononthepotentialadvantages,anddrawbacksofusingbundlingin
thedomainofontologymappingvisualization.
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3.2 Approach
3.2.1 Frameworkand Constraintsof Mapping Representa-
tions
Theprototypesystemthatwasdevelopedtoimplementedgebundlingisbasedon
theopenandextendableframeworkprovidedbyCogZ[31].Thisexistingframework
providesthecorefeaturesrequiredbyanontologyalignmentinterface,including
integrationwithexistingstate-of-the-artontologyalignmentalgorithms[62],repre-
sentationofthepairofontologiesaszoomableandscrolabletreesonoppositesides
oftheinterface,renderingofthemappingsascurveswithinthemiddleregionof
theinterface,andbasicinteractionmechanismsthatsupportmappingvalidationand
mappingadditiontasks. Theextensionintegratesedgebundlingintotheprocess,
andintroducesnewinteractionmechanismstosupportthedisambiguationofedges
withinabundle.
Theedgebundlingwasdesignedspecificalyforgraphs,however,itisnowintended
tobeusedformappingedges.Thisnewscenarioisconceptualydissimilartographs.
Therefore,theconstraintsofthemappingedgerepresentationsarerequiredtobe
studiedandanalysedbeforeutilizingtheedgebundlingformappingedges.
Aspreviouslydiscussed,withinanontologyalignmentinterface,thetwoontologies
tobematchedarerepresentedasverticalhierarchies,withthespacebetweenthetwo
hierarchiesusedtoshowthemappings.Sincetheontologyorganizationiscriticalto
understandingitsstructure,thenodescannotbemovedfreelyinordertofacilitate
bundling. Assuchtheedgebundlingisconstrainedtoonlymanipulatetheedges
54
themselves,andnotthesourceordestinationnodeswithintheontologiesthemselves.
Inaddition,whenrepresentingamapping,itispossiblethatoneconceptfrom
theupperpartofthesourceontologyismappedtothelowerpartofthetarget
ontology. Duetothelimitedavailabilityofvisualspace,theseontologiesmaybe
containedwithinscrolablepanes. Assuch,itmaybethecasethatoneofthese
conceptsarevisibleandtheotherisscroledoutofview,orneitherofthemare
visible. Representingsuchamappingisproblematic.Inaddition,itwouldrequire
significantamountofmemoryandcomputingresources.Applyingedgebundlingon
altheedgesincludingthosethathaveoff-screensourcesanddestinationsmayresult
inover-bundling,withmanyofthebundlesconnectingconceptsthatarenotinthe
fieldofview.Therefore,themappingedgeswhosesourceandtargetconceptsarenot
visible(i.e.,scroledoutofvieworcolapsed)arefilteredfromthissetinorderto
ensurethatthebundlingisonlyperformedoncompletelyvisibleedges.
Forthebundlingapproachtoworkeffectively,theontologiesthemselvesneedto
beorderedandorganizedinsomemeaningfulway.Typicaly,ontologiesareordered
alphabeticalybasedontherootnodes,however,otherinterestingorganizationsof
theontologiesarepossible.Forexample,theymaybeorderedbasedonascending
ordescendingorderofthenumberofsub-classesthatarepresentinarootnodeof
sub-trees.Sinceexamininghowdifferentorganizationsofontologiescouldaffectthe
resultsofthebundlingalgorithmisbeyondthescopeofthisresearch,thedefault
ontologyorganizationthatisprovidedbythebaselinesystemwasusedwithoutany
alterations.ThemainviewofthebaselinesystemCogZalongwiththedefaultlayout
ofsamplesourceandtargetontologies,isshowninFigure3.1.
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Figure3.1:Themainviewoftheprototypewithoutbundling.
3.2.2 EdgeBundlingProcess
FolowingtheedgebundlingapproachoutlinedinSection2.6,thefirststepinthe
processistoextracttheedgesfromtheontologyalignmentinterfaceframework.This
informationincludesthesourceanddestinationpoints(entitiesintheontologies),the
edgepath,andthestatusofthemappingrepresentedbytheedge.
Thenextstepoftheprocessisthesegmentationofeachedgeinthemappingset.
AspreviouslydiscussedinSection2.6.2,thereisatradeoffbetweenthenumberofthe
segmentsandthecomputationalcostswhenperformingedgebundling. While1-pixel
segmentswouldprovidethesmoothestcurves,doingsowouldresultinanunsatisfac-
toryperformance.Ratherthanstaticalydefiningthisparameter,theapproachfrom
Holtenandvan Wijk’sworkonedgebundlingincomplexgraphstructures[45]was
folowed,andthenumberofsegments(andthereforethesizeofthesegments)were
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dynamicalyadjusted.Bystartingwithasmalnumberofedgesegments,courseedge
bundlingcanbedoneefficiently.Iterativelyincreasingthenumberofedgesegments
thenalowsfinerandfinerlevelsofbundlingtobeachieved.
Inthiscase,theprocesswasstartedwithfoursegmentsforeachedge.However,
thesesegmentsarenotdefinedovertheentirelengthoftheedge.Sinceitisimportant
tobeabletoclearlyidentifythesourceanddestinationentitieswithintheontologies,
itisnotdesiredthatthebundlestobeformedaretooclosetotheactualontologies.
Assuch,thesegmentedregionoftheedgesisrestrictedtothemiddle75%ofthe
lengthoftheedges.
Holten&van Wijk[45]describeanumberofdifferentmeasuresfordetermining
whetherapairofedgesegmentsshouldbebundled(asdiscussedinSection2.6.2.1).
Thesemeasurestakeintoaccountthecomplexnatureofgeneralgraphstructures,
includingthepositionoftheedgesegments,thelengthsoftheentireedges,theedge
direction,andtheangleofedgecrossings. Giventherestrictednatureoftheedges
withinanontologyalignmentinterface,whereonlysimilar-lengthundirectedmapping
edgesareused,thesemeasuresdonotproduceasignificanteffectonthebundling
results.Thiswasalsoconfirmedthroughpreliminaryexperimentation,thatmanyof
thesemeasuresdonotproducenoticeableeffectsontheedgebundles.However,since
thepositioncompatibilitymeasuredirectlyworksonthepositionoftheedges,only
thismeasureisstilapplicabletothegivenscenario,andplaysamajorroleinthe
formationofedgebundles. Assuch,thedevelopedapproachonlyusestheposition
oftheedgesegmentswhendeterminingthepotentialforbundling.
Foreachedgesegment,thedistancefromitsmidpointtothemidpointofal
othersegmentsinalotheredgesiscalculated.Ifthedistancebetweenapairof
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segmentsisbelowadistancethreshold,avirtualspringisattachedbetweenthese
segments.Thisdistancethresholdisbasedonaratiooftheaveragelengthofedge
segmentstotheaveragelengthplusthedistancebetweentheirmidpoints,suchthat
longeredgesegmentsarebroughtclosertomoredistantedgesegments.Inorderto
forcenon-connectedandmoredistantedgesegmentsfurtherawayfromoneanother,
virtualelectrostaticforcesarealsomodeledwithinthesystem. Theseforcesavoid
thesituationofover-bundling,wherebyaledgesarepuledtogetherbecausethere
arenoforcespushingthemapart.
Thenextstepintheprocessistoattempttominimizetheforcesexertedupon
theedgesegmentsduetothespringsandelectromagneticforces.Asedgesaremoved
closertooneanother,thespringforceswilbereduced,buttheelectromagnetic
forceswilbeincreased.Thesumofalforcesbeingexertedoneachedgesegmentis
considered,anditslocationisadjustedinthedirectionoftheforcebyadistancethat
isrelativetothemagnitudeoftheforce.Sincethemovementofoneedgesegment
inthismannermaycausetheforcesexertedonotheredgestochange,theprocess
ofminimizingtheforceswithinthesystemmustbedoneovermultipleiterations.A
simpleapproachofstaticalylimitingthenumberofiterationsto120wasfolowed.
Atthispoint,acoarse-levelofbundlingwilhavebeenachievedbasedononly
foursegmentsforeachedge.Inordertosmoothoutthebundling,thiswholeprocess
isrepeatedover12additionalcycles,eachtimeincreasingthenumberofsegments
byone(andthereforereducingthelengthofeachedgesegment).Thischoiceofthe
numberofadditionalcycles(andthereforethenumberofadditionalsegments)was
determinedthroughexperimentation. Thegoalistofindabalancebetweentime
requiredtoperformthebundlingcalculationsandsmoothbundleformation. When
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increasingthenumberofsegments,thedivisiblepointsthatareusedarechosenatthe
locationonthestraight-lineedgesegmentsfromthepreviouscycle.Thisincremental
processismoreefficientandeffectivethanperformingthebundlingatafinelevelof
detailstraight-away[45].
Thefinaloutcomeisedgebundlingperformedover16segmentsoneachedge.
Sincedrawingtheedgeswithinthedisplayusingonlythesesegmentswouldnotbe
graphicalyappealing,insteadacurvedlineisfittedtothecenterpointsofeachedge
segment.Figures3.2and3.3providebeforeandafterexamplesoftheoutcomeof
edgebundling.
3.2.3 BundleAmbiguityandDisambiguation
Althoughtheedgebundlingproducesaless-clutteredvisualrepresentationofthe
mappings,ithastheside-effectofintroducingambiguityamongtheedgeswithinthe
bundles.Thatis,foramappingthatstartsatagivenentity,ifitsedgeiscontained
withinabundle,itisnotpossibletodeterminetheexactendingentityfromamong
thosethatarecontainedinthesamebundle. Thiscausesaproblemduringthe
mappingvalidationtaskssinceknowledgemanagersmustexamineandinteractwith
mappingsindividualy.
Thesolutiontothisproblemistoprovideinteractivetoolsthatsupportdisam-
biguation.Sincetooltipsandsingleclicksonedgesarealreadyinteractiveaspects
oftheCogZframework,theinteractionfordisambiguationmustuseanalternate
mechanism. Aninteractivemethodisrequiredtoquicklyviewmappingsthatare
presentwithinabundlealongwithoptionsforselectinganindividualormultiple
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Figure3.2: Viewofthebaselinesystemwithnobundling. Thereddashedcurves
representthecandidatemappingsgeneratedbythesystem.
Figure3.3:Applicationofedgebundlingtothemappingedges.Notethatmappings
whosesourceanddestinationarenotvisiblehavebeenfiltered.
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mappings.Furthermore,differentiationofmappingsbasedontheirstate(e.g.,candi-
dateorverified)needstobepresentedaccuratelyanddistinctlyonthescreen. More
detailsabouttheprovideddisambiguationoptionsandprocesswithexampleswilbe
providedinthesectionsthatfolow.
3.2.4 SupportforOntologyAlignmentTasks
Sincethemappingvalidationandmappingadditiontasksarealreadyverytime-
consumingandrequireagreatamountofcognitiveeffort,performingthesetasks
whilenavigatingandinterpretingacomplexandil-structuredvisualinterfacecan
makethemevenmorechalenging.Edgebundlingoffersthepromiseofpresentinga
lesscomplexandmorestructuredviewofthemappings,whichcanhelpinreducing
thecognitiveloadofknowledgemanagers.
3.2.4.1 MappingValidation
Inthemappingvalidationtask,theknowledgemanagersconfirmorrejectthecandi-
datemappingsproducedbytheontologyalignmentalgorithmbyusingtheirknowl-
edgeaboutthesourceandtargetontologies.Inthebaselinesystem(CogZ),the
knowledgemanagerhastoselecteachmappingedgeandclickonthedesiredopera-
tionbutton(i.e.,removeorconfirmthemapping)foreachselectededge.Tocomplete
thevalidationtask,everymappingpresentedontheinterfaceneedstoexaminedby
theknowledgemanager.
Edgebundlinghelpsbydividingthelargertaskintomultiplesmalersub-tasks
ofvalidatingthemappingswithinagivenbundle. Reviewingthemappingswithin
abundleprovidestheknowledgemanagerswithrelevantcontextaboutthesetof
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mappingsasagroup,andalowstheotherbundlestobeignored.Thus,taskssuch
asvalidatingwhetherthesetofmappingsisinternalyconsistentcanbedoneby
consideringonlytheedgeswithinthebundle,makingefficientuseoftheknowledge
managers’cognitivememory.Becauseofthefocusthatthebundlingprovidestothe
task,thedegreeofsearchingandswappingofinformationinandoutofcognitive
memorywilbegreatlyreducedincomparisontoanunstructuredexaminationofthe
candidatemappings.
Thedetailsforthecorrespondingmappingsthatareencapsulatedwithinthebun-
dlecanbeseenwhenknowledgemanagershoverthemousepointeroverthebundle
viaanextendedtooltip.Thistooltippresentsalthemappingsthatarecontainedin
thebundle.TheknowledgemanagercansimplypressandkeeptheAltkeypressed
onthekeyboardtoseethetooltiplistingalthemappingsthatarepresentinthe
bundle(seeFigure3.4).Sincethemappingsinthebundlecanbeviewedindividualy
usingthistooltip,themappinginformationcanbedisambiguated. Theimportant
informationthatcouldbehelpfulforthetasksathandsuchasthenumberofmap-
pingsthatarepresentinthebundle,andthepresumedrelatednessofthemappings
duetopresenceinthebundle,canbeeasilyprocessedandusedthroughthistooltip.
Sinceedgebundlingprovidesknowledgemanagerswiththeabilitytoworkona
bundleofmappingsratherthanverifyingthemonebyone,theknowledgemanager
mustbeabletoperformtheappropriatevalidationoperations(confirmorreject)on
themappingsoftheselectedbundle. Therefore,theabilityofperformingmultiple
validationoperationssimultaneouslyisrequired.
Tomeetthisrequirement,apop-upwindowshowingfurtherdetailsaboutthe
mappingscontainedintheselectedbundlewiththevalidationoperationsisprovided.
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Figure3.4:Thetooltipshowingtheinformationaboutthemappingsthatarepresent
inthebundle.
Thiswindowappearswhentheknowledgemanagerhoversthemousepointerovera
bundleandclicksonthebundlewiththeAltkeypressed.Thewindowprovidesthe
samelistofthebundle’smappingsthatwerepresentinthetooltipwiththeability
toselectmultiplemappings,andbuttonsforvalidationoperationssuchasconfirmor
rejecttheselectedmappings.Thepop-upwindowisshowninFigure3.5.
Sincethepop-upwindowappearsinfrontofthemappings,theknowledgeman-
agersmaylosethesenseofthelocationofthemappingthattheyarecurrently
workingon.Thisissuewasaddressedbythedevelopmentofamappinghighlightfea-
ture,whichchangesthecolorsofthemappingslistedinthewindowdependingupon
theircurrentstate. Whentheknowledgemanagerselectsacandidatemappingon
thepop-upwindow,thecoloroftheselectedmappingedgeischangedtoblackfrom
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Figure3.5:Thepop-upwindowprovidingthemappingvalidationoperations.
red.Thechangeinthecolorofthemappingedgequicklygrabstheknowledgeman-
ager’sattention,alowingthemtoeasilyaccommodatetheinformationconcerning
themappinglocation,whilemakingavalidationdecision.Theeffectofthisfeature
isilustratedinFigure3.6.
Whentheknowledgemanagerconfirmssomemappingsandtheirstateischanged
fromcandidatetoconfirmed,suchmappingsneedtobeshownvisualydifferentfrom
therestofthemappingsinthebundles,aswelaswhenthepop-upwindowortooltip
isvisible. Whenevertheknowledgemanagerconfirmsacandidatemappinginsidea
bundletheircolourischangedtoblue(asshowninFigure3.7). Thebluecolour
clearlydistinguishestheconfirmedmapping(s)fromtherestwhichareinredcolour
onthelightbeigecolouredbackgroundoftheinterface.
Themapping-highlightfeaturedevelopedfortheknowledgemanager’sassistance
64
Figure3.6:Aspertheknowledgemanager’sselection,the“mini-cornel:Astronomy”
to“cornel:Astronomy”mapping’scolourhasbeenchangedtoblack.
Figure3.7:Thetooltipshowstheconfirmedmappingsinredcolourwithboldfont.
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wasfurtherextendedtoreflectthestateofthemappingwithinthepop-upwindow
aswel. Whenthepop-upwindowforabundleisvisiblethatcontainsconfirmed
mappings,thesemappingsarelistedinredcolourwithboldfontinsteadofregular
fontandblackcolour. Whentheknowledgemanagerselectsaconfirmedmappingin
thepop-upwindow,themappinghighlightfeaturealsotemporarilychangesthecolour
ofconfirmedmappingsfrombluetogreensothattheknowledgemanagercanclearly
seetheconfirmedmapping.Thischangeincolourisimportantspecificalywhenthe
numberofconfirmedmappingsaremorethanone,anditisnoteasytodistinguish
themeventhoughtheyarealreadyshownseparatelyfromthecandidatemappings
withadifferentcolour(i.e.inbluecolour).Theimplementationofthisfeaturecan
beseeninFigure3.8.Afinitestatediagramofmappingcolourchangesdepending
uponthecurrentmappingstateisshowninFigure3.9alongwithTable3.1listingthe
colorencodingsofthemappingsdependingontheirstateanddifferentconditions.
Thetooltiptoviewthemappingsinsidethebundlewasalsomodifiedtopresent
thedetailsabouttheconfirmedmappings(ifpresent)differentlyfromthecandidate
mappings.Themodifiedtooltipfunctionalityshowsthedetailsabouttheconfirmed
mappinginredcolourinsteadoftheblack.Thefontusedtodescribethedetailsof
theconfirmedmappingwasalsomadeboldtomakeitfurtherdistinguishablefrom
thetextsofcandidatemappingsthatarealsolistedinthesametooltip,andforwhich
regularfontisused(seeFigure3.7).
3.2.4.2 Supportfor MappingAddition
Itispossiblethatthealignmentalgorithmmaymissamappingbetweentwocon-
cepts.Therefore,thesecondstepoftheontologyalignmentprocessisthemapping
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Figure3.8:Theconfirmedmappingslistedinthepop-upwindowarealsopresented
usingredcolourwithboldfontfolowingtheschemeadoptedinthetooltip,andwhen
aconfirmedmappingisselectedthecolourischangedtogreenfromblue.
additiontask.Inthistask,theknowledgemanagerhastoidentifysuchunmapped,
butrelatedconceptpairsinthesourceandtargetontologiesandthenmanualycreate
amapping.Thisprocesstypicalyrequiresvisualscanningoftheentiresourceand
targetontologies.
Figure3.9:Thecolourtransitionofthemappingedgedependinguponthecurrent
state.
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Table3.1:Summaryofcolourencodingsforthemappingdependinguponthestate
andlocation.
Mappingcolorencodings
Withintheinterface
MappingState Edgecolor Whenhighlighted
Candidate Red Black
Confirmed Blue Green
Withintheextendedtooltip
MappingState Textcolor Fontattribute
Candidate Black Regular
Confirmed Red Bold
Withinthepop-upwindow
MappingState Textcolor Fontattribute
Candidate Black Regular
Confirmed Red Bold
Thebenefitsofedgebundlingmayalsoberealizedinthecontextofthemapping
additiontasks.Byclusteringrelatedmappings,theoveralorganizationofhowthe
mappingsrelatetothestructureoftheontologiesmaybemoreeasilyperceived. When
seekingpotentialyrelated,butasyetunmappedentities,thestructureimposedby
thebundlesprovidestheknowledgemanagerswitharelativelysmalspaceinwhich
tosearch.Ratherthansearchingtheentireontologyforacorrespondingentity,the
knowledgemanagerscanvisualyfocusonareasaroundtheexistingbundles,thus
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reducingthecognitiveloadassociatedwiththistask.
Scanningforconceptsthatshouldbemappedinnearbyareasimprovesonscan-
ningconceptsfromtoptobottominbothontologies.Forexample,iftheknowledge
managerislookingtofindamatchforanunmatchedconceptinthesourceontology,
itisbettertolookforapotentialmatchbyfolowingthenearbymappingsofthis
unmatchedconceptaroundthisconcept.Thepotentialmatchfortheconceptmight
berightbelowthetargetconcept.Thisprocesstofindingpotentialmatchesismore
efficientandeffectivethantheexistingsystem,however,theunderlyingassumption
hereisthatthepotentialmatchmightbeinthevicinityofexistingmappings,as
organizedbythehierarchicalstructuresoftheontologies.Ifthisisthecase,thenthe
bundlingwilhelptofocusthesearcheffort.Amorespecificexampleisprovidedin
Section3.4.
3.3 ImplementationDetails
3.3.1 Platform
TheedgebundlingprototypeisintegratedintotheCogZsystem,whichisanopen
sourcesystemandastandardJavadesktopapplicationbuiltontheJavaDevelopment
Kit1.6.Theprogrammingoftheedgebundlingprocessfolowstheimplementation
oftheoriginalalgorithmintheJFlowMap[5]systemforbundlinggraphedges.
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3.3.2 SystemArchitecture
AstheprototypeCogZ-eisbuiltontheexistingCogZsystem,thearchitectureshown
inFigure3.10includesthearchitectureofCogZaswelasthenewmodulesthatwere
developed.Themodulesshowninbluealreadyexistinthebaselinesystem,whilethe
newdevelopedmodulesareshowninmaroon.Theworkflowaswelastheinteraction
betweenthemoduleswilbedescribedhere.
ThesystemarchitectureofCogZ-econsistsoffourimportantmodules.Prot´eg´e’s
[60]ontologyimportmoduleisresponsibleforimportingthecurrentformatofsource
ontologyandcreatingdatastructurestofacilitatetherepresentationandmanipula-
tionoftheontology. PROMPT’s[62]alignmentgeneratorandtargetontologyim-
portermodulesareincorporatedinsideProt´eg´easplugins,whichcarryoutthetasks
ofimportingthetargetontologyandcalculatingthealignmentsbetweentheentities
Figure3.10:SystemArchitectureoftheprototypeCogZ-e.Theinformationflowfrom
differentmoduleshasbeenmarkedbyblackarrows.Theexchangeofinformationis
representedusingredarrows.Thenewmodulesthathavebeendevelopedaremarked
inmaroon.
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ofthesourceandtargetontologies.CogZ’s[29]mappingimportmoduletakesalign-
mentsproducedbythealignmentgeneratormoduleandgeneratesgraphicaledgesto
presentthemonthescreen.Finaly,themappingvisualizationmoduleofCogZpor-
traysthemappingedgesonthescreenandprovidestheinteractionoptions.Thenew
modulesmodifiededgebundlingandbundlinginteractionthatperformthebundling
processonthemappingedgesandprovidestheinteractionsupporthavebeenbuilt
insidethemappingvisualizationmodule.
3.3.3 WorkFlow
Theprocessstartswhentheknowledgemanagerhasasetoftwoontologiesthat
needtobealignedtoeachother. Thesettypicalyconsistsofonesourceontology
andonetargetontology. ThefirstlayerofthesystemisbasedonProt´eg´e[60],
whichismainlyusedtocreate,visualizeandeditontologies.Therefore,tostartthe
processtheknowledgemanagerprovidesthesourceontologytothesystem. The
sourceontologyisloadedintothesystembytheimportmechanismofProt´eg´e.The
ontology-explorationmoduleofProt´eg´ecanalsobeusedtoviewthesourceontology.
ThemanagerscanviewthesourceontologyusingdifferentpluginsavailableinProt´eg´e
atthispoint,however,forthealignmenttaskthisstepisgeneralyskippedatthis
stage.
ThenextstepistoinitializethePROMPT[62]pluginonthesourceontologythat
leadstothetargetontologyimportmoduleofPROMPT.Theontologyalignment
generatormoduleofPROMPTtakesthetargetontologyasinput,andcalculates
themappingsetcomprisedofcandidatemappingsbetweentheconceptsofthegiven
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sourceandtargetontologies.
Afterthecomputationofthecandidatemappingset,thecontrolisthenpassed
tothemappingimportmoduleofCogZ.Thismoduleisresponsibleforgenerating
amappingedgeforeverymappingpresentinthecandidatemappingset. Thisset
isprovidedasaninputtothemappingvisualizationcomponentofCogZ,todraw
themappingsasBeziercurvedlines.ThemappingvisualizationcomponentofCogZ
alsocreatesamappinginformationtooltipforeverymappingcurve,whichisvisible
wheneverthemousepointerhoversovertheedge.Themappingvisualizationcom-
ponentofCogZalsopresentsthesourceandtargetontologiesontheoppositesides
ofthescreenusingtree-basedrepresentationsandthegeneratedmappingsareshown
withinthespacebetweenthetwoontologytrees.
ThemappingvisualizationmoduleofCogZisextendedtoincludethenewdevel-
opedmodulessuchasthemodifiededgebundlingandbundlinginteractionmodules.
Thesemodulesareresponsibleforthebundlingprocessandprovideinteractionop-
tionsforbundles. Whenthebundlingprocessisinitiated,themappingvisualization
componentpassesaltheinformationpertainingtocurrentlyvisiblemappingstothe
bundlingmodule.Thebundlingmoduleprocessesaltheprovidedmappinginforma-
tionandcalculatesthebundlingformation.Thebundleinteractionmodulebecomes
automaticalyactivatedafterthebundlingprocess. Whentheknowledgemanager
confirmsorrejectsamapping,theconcernedchangeispassedontothemapping
visualizationmodulethatupdatesthestateofthemappinginthemappingset.Sim-
ilarly,whenanewmappingisadded,thenewinformationisappendedtothemapping
setbythemappingvisualizationmodule.
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3.4 Example
Anexampleisprovidedheretoilustratethevalueandbenefitsthatedgebundling
canprovidetoaknowledgemanagerdealingwithmappingvalidationandaddition
tasks.Thisexamplereflectshowaknowledgemanagercanusethebundlingcapability
ofCogZ-einordertoseeanorganizedviewofmappingsandperformthevalidation
andadditiontasks.Thesamplesourceandtargetontologiesusedforthisexample
describethedomainofacademicconferences,andareavailabletobeusedfreely[26].
ThecompleteontologiesarelistedinAppendixB.
AsdescribedinSection3.3.3,theontologyalignmenttasksstartafterboththe
sourceandtargetontologieshavebeenloadedandthemappingsethasbeengener-
ated. Afterthemappingsarebundledandpresentedonthescreen,theknowledge
managercanstartthefirststepofthealignmenttask,whichisthemappingvali-
dationtask.Inthistask,theknowledgemanagerstartsconfirmingorrejectingthe
candidatemappingsbasedontheirknowledgeabouttheontologies,andthelevelof
accuracyofthemappingscalculatedbythealignmentalgorithm.
Aftertheknowledgemanagerhasclickedthe“Applyedgebundling”button,the
bundlingalgorithmisinitiatedandtakesthecurrentmappingsetasinput. The
algorithmproducesbundlesforthecurrentvisiblemappingset,theresultsofwhich
canbeseeninFigure3.11.Itcanbeeasilyseenthatinsteadofdealingwitharandom
orderofmappingedgesbeforebundling,theknowledgemanagernowhastodealwith
roughlytwobundles.
Sincebundlesprovidealogicalsetofmilestonesorasenseofthenumberofsteps
towardsfinishingthemappingvalidationtask,theknowledgemanagermayquickly
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Figure3.11:Extendedtooltiplistingalthemappingscontainedinthebundle.
identifydifferentstartingpointsandpickanybundleasastartingpointforthe
validationtask.Thisfeaturemakesthevalidationtasksmoremanageable,alowing
themtobecompletedinanorganizedmanner.Aftertheknowledgemanagerselects
abundleasastartingpointanddecidestoworkonit,thenextstepwouldbetosee
whatmappingsarecontainedinthebundle.Sincethemappingedgesaregrouped
becauseofthebundling,thisinformationcanbedisambiguatedbykeepingtheAltkey
pressed,whiletheknowledgemanagerhoversoverthebundle.Theresultingtooltip
alowstheknowledgemanagertoseethattherearefourmappingedgesmergedinto
thebundle(asseeninFigure3.11). Byscanningthemappinglist,theknowledge
managernowdecidestovalidatethemappingspresentinthebundle.
WhilekeepingtheAltkeypressedandwiththetooltipbeingvisible,theknowledge
managermayclickwithinthetooltipinordertoinitializethepop-upwindow,which
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listsalthemappingsshowninthetooltip. Thepop-upwindowalsoalowsthe
knowledgemanagertoviewthemappingsindividualyaswelasperformsingleor
multiplevalidationoperations.Theknowledgemanagerhasfoundthe“Organisation
toOrganisation”mappingtobecorrect.Theknowledgemanagercanhighlightthe
mapping(makingthecolourofedgerepresentingthemappingtoturntoblack),and
selectthemappingtobemarkedasconfirmed(asseeninFigure3.12).
Afterpressingthe“markasconfirmed”button,thepop-upwindowisclosed,
thestateofthemapping“OrganisationtoOrganisation”getschangedtoconfirmed
fromcandidate,andthemappingedgecolourhasbeenchangedtoblue,whichmakes
itclearlydistinguishablefromothermappings. Thischangeisalsoreflectedinthe
tooltipshowingthemappinglistofthesamebundlebutthetextofthemappingisin
boldfontwithredcolour(asinFigure3.13).Thischangeinvisualcues(i.e.,different
Figure3.12:Pop-upwindowlistingthemappingsthatwerevisibleinthetooltip.
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Figure3.13:Theconfirmedmapping“OrganisationtoOrganisation”isshowninblue
colourwiththetextinthetooltipinredcolourwithboldfont.
colourformappingedgeandtextinthetooltip)torepresenttheconfirmedmapping
alowstheknowledgemanagertoeasilyviewthedifference.
Atthispoint,theknowledgemanagerdecidestoverifytherestofthemappings
presentinthebundle,thereforethepop-upwindowhasbeenopenedagain.Thedif-
ferenceofalreadyconfirmedmappingscanalsobeseeninthepop-upwindowasthose
mappingsarepusheddowntothebottomofthelistwiththeirtextcolourchanged
toredandthefontmadebold(seeFigure3.14).Altheremainingthreemappings
havenowbeenselectedandconfirmedbytheknowledgemanager. Therefore,al
themappingsoftheinitialyselectedbundlehavebeenconfirmedandtheknowledge
managerhasfinishedworkingonthatbundle(seeFigure3.15).Theknowledgeman-
agermaynowcontinueworkingonotherbundlesandvalidatingmappingsthatare
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Figure3.14:Theconfirmedmappingappearingatthebottominredcolourwithbold
textinthepop-upwindowalongwiththeremainingcandidatemappings.
presentwithinthesebundles.
Itisquitepossiblethatthealignmentalgorithmmaymissmatchingsomeconcepts
thatarerelevanttoeachother.Therefore,thesecondandfinalstepofthealignment
taskisthemappingadditiontask,inwhichtheknowledgemanager’staskistofind
anytwoconceptsbetweenthesourceandtargetontologiesthatarerelevantbutno
mappingexistsbetweenthem,andcreateamappingbetweentheconcepts.
Bundlingalowstheknowledgemanagertofocusontheareaswithinthesource
andtargetontologiesthatarerelated. Theseareas(ifpresent)areautomaticaly
highlightedbythebundlesasonecaneasilyseeagroupofmappingsoriginating
fromsourceandendingatthetargetontology.Foraddingapotentialmapping,these
areascanbehelpfulasthereisahigherchanceoffindingnewmappingsinthenearby
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Figure3.15:Thesnapshotoftheprototypeaftertheknowledgemanagerhascon-
firmedalthemappingsoftheinitialbundle.
regionoftheseareas.Itisstilabetterstrategyfortheknowledgemanagertolookfor
potentialconcepts(thatshouldbemappedtoeachother)innearbyareasratherthan
scanningconceptsfromtoptobottominbothontologiesinordertofindanything
useful.Forexample,iftheknowledgemanagerislookingtofindamatchforthetarget
ontology’sconceptnamed“IndividualPresentation”fromthesourceontology,itis
bettertolookforapotentialmatchbyfolowingthenearbymappingoftheconcept
“InvitedTalk”(inthetargetontology). Theknowledgemanagerwilfindthatthe
concept“Presentation”inthesourceontologythatisjustabovethe“Invitedtalk”
conceptthatcanbeapotentialmatchtothe“IndividualPresentation”inthetarget
ontology.Hence,thisprocessismoreefficientandeffectivethantheexistingsystem,
whichhasnooptionbutscanningthroughbothontologiestomatchtheremaining
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concepts.Thepotentialmatchthatcanbefoundbytheknowledgemanagerisshown
inFigure3.16.
3.5 Discussion
Generaly,whentworeal-liferelatedontologiesarealigned,theprocessresultsina
largenumberofmappings,which,whenportrayedas-isonaninterface,causesvisual
clutter. AsnotedinSection2.4,oneofthemainchalengesofontologyalignment
interfacesistoovercomethecomplexitiesofpresentingthemappingsinthelimited
spaceavailableonthevisualscreen.Inthischapter,anapproachforgroupingand
visualycategorizingontologymappingedgeswasdescribed. Thisapproachhelps
Figure3.16:Thenewlycreatedmappingbetweenthesource“Presentation”concept
andthetarget“IndividualPresentation”conceptisshownbythetopbluelineas
welasinthetooltip.
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inreducingvisualclutterproducedbythemappingedgecrossingsbyincorporating
anedgebundlingalgorithm,andprovidesinteractionsupporttodisambiguatethe
mappinginformationinthebundlesandtoconductthe mappingvalidationand
additiontasks.
IntheCogZ-eprototype,theusageandjustificationforapplyingtheedgebundling
algorithmasanapproachforvisualycategorizingthemappingedgeswasguidedby
differentcognitivetheories,specialythecategorizationandcognitiveloadtheories.
Theyprovidetheconnectionbetweenthereductionofcognitiveloadonahuman
beingwhileprocessinginformationwiththeorganizationoftheinformationbeing
presented(seeSection2.6.1).Categorizationtheoryprovidesevidencethathumans
tendtocategorizeinordertoprocessthepresentedinformationtosolveaproblem.
Thus,anyproblemsolvingsystemcanbenefitfromcategorizinginformation. The
knowledgemanagerwouldbeabletoprocessinformationquicklyifthecategorization
isdoneeffectively,whichcanimproveperformance.Bystudyingtheprinciplesofthe
categorizationtheory,theperceivedcategorizationofaninformationsystemcanbe
enhancedbyemployingdifferenttechniquestoperformclassification.
Cognitiveloadtheorystatesthathumanworkingmemoryislimitedandcanonly
performalimitednumberoftasksatatime.Similarly,cognitiveloadreflectsthe
factthatwhenahighvolumeofinformationispresentedtohumans,theymayex-
periencedifficultyingraspingtheinformationandthenperformingtherelevanttask
becauseoftheirlimitedworkingmemory. Thevisualclutterconceptalsoacknowl-
edgesthatclutterinthepresentationofinformationcancreateobstaclesandthus
leadtoperformancedegradation.
Fundamentaly,CogZ-eisaproblemsolvingsystem(i.e.,anontologyalignment
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system)thatcanbenefitwhentheinformation(i.e.,ontologymappings)isbetter
categorized.Thismayreducecognitiveloadontheknowledgemanagerwhohasto
processthepresentedinformation(i.e.,ontologymappings)inordertoperformthe
relevanttasks(i.e.mappingvalidationtasks).Inaddition,theedgebundlingprocess
classifiesorcategorizestheinformation(i.e.,edges)beinggivenasinput. There-
fore,thesetheoriescanbeconsideredasthetheoreticalfoundationsthatsupportthe
potentialbenefitsofusingedgebundlingapproachasacategorization/organization
methodforontologymappings.
AsdiscussedinSection2.6.1.1,thedesignchoicesandtheinteractionsupportfor
theprototypeisdevelopedbyfolowingtheguidelinesofinformationvisualization
theoriesandprinciples.TheGestaltLawofconnectivityconfirmsthatwhenthetwo
objectsareconnectedtoeachotherbyacurvedorstraightline,theyareautomaticaly
perceivedtohavearelationshipwitheachother. Byfolowingtheguidelinesof
thisGestaltLaw,curvedlineshavebeenusedintheoriginalsystemaswelasin
theprototypetolinkthesourceandtargetconceptsthatclearlyshowsthatthe
concernedconceptsareamatchtoeachother.Therefore,mappingedgesrepresent
theconnectionbetweenthematchedentitieswithoutanyconfusion.
Furthermore,theGestaltLawsofproximityandsimilarityprovideevidencere-
gardingthequickperceptionofrelationshipsbetweenanytwoobjectsbyahuman
mindwhentheyareneareachother,andvisualysimilartooneanother.Inother
words,whentwoobjectsarepositionednearoneanotherordrawnsimilarly(using
samecolourorshape),theyareautomaticalyperceivedasrelated.Asexplainedby
thepre-attentiveprocessingphenomena,theserelationshipsareautomaticalyper-
ceivedbythehumanbrainatgreatspeeds.Inthisresearch,itwasintendedtouse
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thiscapabilityofhumanmindtotheknowledgemanager’sadvantagewhileprocessing
themappinginformation.
Whenedgesaregroupedbythebundlingalgorithm,themappingswithintheir
respectiveresultingbundleswilbeassumedasrelatedbecausemappingsareinprox-
imitytooneanother.Sincetheoveralshapeofthemappingedgesconfinedwithin
abundleisalsosimilar,thisfurtherenforcesthenotionofthemappingsbeingre-
lated.Hence,bylookingatabundle,theknowledgemanagercanperceivethatthe
mappingspresentinthebundlearerelated,oratleastthemappingsareconnecting
similarconceptsofthetwoontologies.AsdiscussedinSection3.2.4.1,whilemaking
adecisionaboutaparticularmapping,ifnearbymappingsarealsopresenttheyhelp
theknowledgemanagerinmakingamoreconfidentdecisionregardingthevalidation.
Supportedbythelawsofproximityandsimilarityalongwiththepre-attentivephe-
nomena,theknowledgemanagersareabletoquicklyperceiveandprocesstherelated
informationbecauseofbundles.Itcanreducethetimerequiredtovalidatemappings
thatarepresentinthebundle,whichintheend,canresultinperformancegains.
TheprinciplesfromtheOpponentProcessTheoryofColour[57]wereextensively
usedwhilemakingthecolourchoicesinpresentingdifferentstatesofmappingedges
duringtheprocessofconductingvalidationtasks. Therearetwodifferentstates
ofthemapping:candidateandconfirmed. Asitisalreadyknown,theresulting
mappingsetisacandidatemappingsetafterthebundlingprocess,whichimplies
thatmappingsproducedatthispointrequiretheknowledgemanager’sconfirmation
orrejection. Duringthevalidationtasks,themappingsneedtoappeardifferently
becauseofeithertransformationfromonestatetoanotherorduetothetemporary
selection(bytheknowledgemanager)indifferentstates.Inotherwords,therearefour
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conditionsthatrequirethemappingedgestobedisplayedvisualydistinguishable.
Theseconditionsare:whenthemappingsareincandidatestate,whentheyareat
confirmedstate,whentheyareselectedatthecandidatestage,andwhentheyare
selectedattheconfirmedstate. Thesefourconditionsmayalsooccuratthesame
timeontheinterface.
Byfolowingtheseguidelineofthetheorytoclearlyshowthetwostatesofthe
mappingwithinoroutsideabundleonthelighterbeigecolouredbackgroundofthe
interface,redwasusedforthecandidatemappingsanddarkbluefortheconfirmed
mappings.Sincethebackgroundoftheprototypewasinlightercolour,thechosen
colourbluewasmoresuitablethantheotheravailableoptionofusinggreencolour
(duetothered-greenchannel).Theexistingbaselinesystemalsousesredandblue
forhighlightingcandidateandconfirmedmappings.Therefore,inordertomaintain
consistencybetweenthetwosystemsintermsofcolourusage,thesimilarcolour
schemewasalsoadoptedfortheprototypesystem. Whentheknowledgemanager
selectsaconfirmedmappingwithinthepop-upwindow,thecolourwaschangedfrom
bluetogreen.AccordingtotheOpponentTheoryofColour,thebluecolourthatis
usedtoshowconfirmedmappingsoverabeige(yelowish)colouredbackgroundwould
beclearlydistinct.Similarly,theuseofgreenforthehighlightedconfirmedmappings,
redforthecandidatemappingsandblacktohighlightthecandidatemappingswil
beclearlydistinguishable.
Thecoloursintheextendedtooltipwerealsomodifieddependinguponthestate
ofthemappingbeinglisted. Thecandidatemappingswereshowninnormalfont
withblackcolourwhereas,theconfirmedmappingswereshowninboldfontwithred
colour. Maintainingconsistencybetweendifferentpartsoftheinterfacesishighly
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desirable[8],particularly,whenthesameinformationispresentedattwodifferent
stages.Forexample,whenknowledgemanagersseethelistofmappingsinthebundle
viaextendedtooltip,thesamemappinglistisloadedinthepop-upwindowifthey
decidetoworkonthatbundle.Inordertomaintaintheconsistencybetweenthese
partsoftheprototype’sinterface(i.e.,thetooltipandthepop-window)astheyboth
providethesamemappinginformation,thecolourandfonttypeofthemapping
textinboththetooltipandthepop-upwindowhasbeenkeptthesame(i.e.,black
colourwithnormalfontforcandidatemappingsandredwithboldfontforconfirmed
mappings).
Theinteractionsupportisthefundamentalfeatureofanyinformationvisual-
izationsystemsinceitprovidesusersmorepoweroverthecontrolofthepresented
information.Sincemostofthemappingedgeshavebecomeindistinguishableafter
thebundlingprocess,theinteractionoptionsthatcandisambiguatethemappingin-
formationandprovidedetailsaboutmappingswererequired.Duringthealignment
tasks,theknowledgemanagerneedstorepeatedlyviewandinteractwithanindivid-
ualmappinginordertoperformtherequiredoperations.Inordertoaccomplishthis
goal,theextendedtooltipandpop-upwindowfeaturesweredevelopedandimple-
mented.Thetooltipfeatureoftheexistingsystemwasextendedtoprovidedetails
aboutthemappingspresentedinthebundle,whereasthepop-upwindowfeature
wasimplementedtosupportthevalidationoperations.Likeanyotherinformation
visualizationsystem,theinteractionoptionswereprovidedintheprototypeinorder
tomakethesystemmoreuserfriendly,effective,andeasiertouse.
Withthemodificationsandsupportforthebundlingapproachfromcognitive
theories,alongwiththeusageoftheoriesandprinciplesfrominformationvisualization
84
indesigningtheprototypeandtherelatedfeatures,itisexpectedthattheapproach
couldimprovetheorganizationofthemappingedgesandmayleadtotheperformance
gainofaknowledgemanager. ThesecondresearchquestionfromChapter1,asks:
whatarethebenefitsanddrawbacksofusingedgebundlinginthecontextofontology
alignmenttasks?Inordertoaddressthisquestionandtovalidatethepotential
benefitsanddrawbacksoftheedgebundlingapproachtothemappingvalidationand
additiontasks,auserstudyevaluationwasconducted,whichwilbeexplainedin
detailinChapter4.
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Chapter4
Evaluation
4.1 Purpose
Thereareanumberofmethodsthathavebeenproposedintheliteraturetoevaluate
ontologyalignmentsystems[67].However,themostcommonandacceptedpractice
toevaluateanysoftwaresystemsinvolvinghuman-computerinteractionorinforma-
tionvisualizationistoconductuserstudiesinacontroledenvironment[11]. User
studiesprovideresearcherswithvaluablewaystoexaminethepotentialbenefitsof
theproposedmethodsorsystemsandgiveinsightsregardingthesystem’sbehaviour
insituationssimilartoreallifeuse.
Thedesignandexecutionofuser-centeredevaluationsofontologyalignmentsys-
temsisadifficulttaskbecauseofthecomplexityassociatedwithontologies,the
alignmentmethods,thenatureofthetypicaltasks,andtheamountofinformation
thattheuserneedstocomprehendandprocesstoexecutedifferenttasks.Itcanbe
achalengingundertakingtodesignthetasksfortheuserstudy.Thetasksneedto
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reflectatleastsomeoftheactivitiesthatareperformedbytheactualusers.Atthe
sametime,theyshouldnotbetoocomplexfortheavailableparticipantstoperform
inalimitedtimeundertherestrictedatmosphereofastudy. Thisisrequiredto
avoidanyunnecessaryconditionsthatmaynegativelyaffecttheoriginalpurposeof
thestudy.
Despiteevaluatingthebroadrangeofactivitiesinvolvedintheontologyalignment
taskwiththecombinationofotherfactorssuchasontologysizesandcomplexitiesin
asingleuserstudy,itisimportanttofocusoncertainaspectsofthetasksinvolved
intheontologyalignmentwhilekeepingtheotherconditionsrestricted.Thislimited
scopeofthestudywilcountersomeoftheaforementionedchalengesanddifficulties,
andwilhelpinobtainingempiricaldataregardingtheexperiences,behaviours,and
preferenceofknowledgemanagerswhileconductingmostontologyalignmentrelated
activitiesusinganontologyalignmentsystem.
Sincethisproposedsystem(CogZ-e)isimplementedwithintheCogZframework,
CogZsystemwasusedasthebaselineforcomparison.Thetwosystemsemploydif-
ferentvisualmethodsformappingrepresentationandinteractionoptionstoconduct
therelevanttasks.Itisanticipatedthatparticipantswilbeabletocomprehend,
use,evaluate,andcomparebothsystemsaccordingtothebenefitsanddrawbacks
providedbyeach.Theprimaryobjectiveofthisstudyistoevaluatetheperformance
ofthedevelopedsystem(CogZ-e)forontologymappingvalidationandadditiontasks,
incomparisonwiththebaselinesystem(CogZ).
Ontologymappingvalidationandadditiontasksarethemostfundamentaltasks
amongtheothertypesofontologyalignmentrelatedtasksthatareperformedinan
actualsettingbytherealuserssuchas,ontologyevaluation,alignmentqualityand
87
accuracyevaluations,andaddition/removal/updationoftheinputontologies.There-
fore,thestudyconsistsofthesetwofundamentaltasks,whichwilalsobeconducted
byparticipantsinthesamesequenceinthestudy.Acontroledenvironmentforthe
studywasalsostrictlymaintainedtoavoidanyirrelevantdistractionsthatcanaffect
theoutcomeoftheevaluationofthemainfeaturesofthesystem.
4.2 Hypotheses
Twosetsofhypotheseswereformulatedbasedontheobservationsandknowledge
aboutthetwoalignmentsysteminterfacesthatarebeingstudiedhere(i.e.,theCogZ
withoutbundlingandtheCogZ-ewithbundling),andhowtheycanaffecttheper-
formanceoftheuserswhileconductingtheontologyalignmenttasks. Bothsetsof
hypothesesanticipatetheefficiency,effectiveness,andsubjectiveopinionsofpartici-
pantsaboutthetwointerfaceswhileperformingontologyalignmenttasks.Thefirst
setisforthemappingvalidationtasks(H1)andthesecondsetisforthemapping
additiontasks(H2).
H1.1: UserswiltakelesstimetocompletemappingvalidationtaskswithCogZ
thanCogZ-e.
Formappingvalidationtasks,theuserisexpectedtogothrougheachmapping
edgeindividualytovalidate(i.e.,confirmorreject)themapping.Thebaselinesystem
CogZpresentsthemappingsassimpleBeziercurvedlinesthattheusercanview,
select,andthenperformthevalidation. Assuch,forthemappingvalidationtasks
itisexpectedthatuserswilbeabletoselectanymappingtheywanttoverifyone
byonewithoutmuchdifficulty.However,inthecaseofCogZ-e,individualmapping
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edgeshavebeencombinedintobundles,whichintroducesambiguityinpresenting
themappinginformation.InordertoconfirmorrejectamappingwithCogZ-e,users
areexpectedtointeractwiththebundlesfirstbeforetheycanverifyoneormultiple
mappingsbeingshowninthetool-tip,andtheninthepop-upwindow.
Thisabilitytoconfirmmultiplemappingsatoncecanberegardedasauseful
featurebyusers. However,theoverheadofextrainteraction(bundleinteraction)
withCogZ-emightconsumemoretimeasitisanadditionalstepthattheuserhasto
performbeforethemappingcanbeconfirmedorrejected. Whilethereareadditional
interactionfeaturesprovidedtosupportdisambiguatingwithinthebundleinCogZ-e,
itisexpectedthatusingtheseinteractionfeatureswiltakeadditionaltime.Inthe
caseofCogZ,themappingedgesareseparatelydrawnfromeachother,andthusno
disambiguationisrequired.Therefore,itisanticipatedthattheuserswilbefaster
atmappingvalidationtaskswithCogZ,duetotheinteractionoverheadinCogZ-e.
H1.2: Intermsofaccuracy,therewilnotbeanysignificantdifferencebetween
CogZandCogZ-ewhileperformingmappingvalidationtasks.
Sincebothsystemspresentthesamedataformakingadecisionaboutthevali-
dationofamapping,itisexpectedthattheaccuracywilnotbesignificantlyvaried
betweenthetwosystemsforperformingvalidationtasks.Inaddition,thesemappings
arecalculatedbytheautomaticontologyalignmentalgorithmsthataregeneralysuc-
cessfulinfindingmappingsaccuratelyespecialywhenthereisaexactentitytoentity
namematch. Theuserisunlikelytoinvalidateacorrectmapping,therefore,there
wilbenosignificantdifferenceintermsofaccuracybetweenthetwosystems.
H1.3:Theperceivedlevelofdifficultyofperformingmappingvalidationtaskswil
bemoreinCogZthanCogZ-e.
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SincemappingsaredrawnseparatelyfromeachotherinCogZ,usershavetoselect
eachmappingbeforeconfirmingorrejectingitandthencontinuevalidatingother
mappings. Asthegeneralstrategytoconductthesetasksistofolowatop-down
approach,theuserswillikelydothesamebyverifyingeverycandidatemappingone
byone.Thisapproachisquitetraditionalandmayworkforotherscenarios,butit
canbeveryinconvenientinthecasewhenthenumberofcandidatemappingsare
largeinnumber.Sincetheindividualmappingedgesaretransformedintobundles
inCogZ-e,itprovidesasenseofaseriesofstepsintheformofbundlesthatthe
usercanfinishtocompletetheoveralvalidationtask.Furthermore,theamountof
informationposedbyindividualmappingedgesisalsoreducedtobundles,which
encouragestheefficientuseoftheuser’scognitivememoryandimposeslesscognitive
load. Thestructureaddedtothevalidationtaskduetobundleswilhelpusersin
conductingthetaskmoreefficientlyandeffectively.Inaddition,theusercanconfirm
oneormultiplemappingssimultaneouslywithinabundle,whichcanbringeaseto
thetaskathand,leadingtotheimpressionthattheperceivedlevelofdifficultyof
performingmappingvalidationtasksishigherwithCogZwhencomparedtoCogZ-e.
H1.4: Formappingvalidationtasks,userswilbelessconfidentintheirresults
afterusingCogZthanCogZ-e.
Sincemappingsarepresentedas-iswithnoparticularorderoforganizationin
CogZ,usershavetomakeadecisionaboutaparticularmappingwithnoadditional
helpfromthesystem.Usingbundles,CogZ-eemphasizestheimpressionofrelatedness
betweenthemappingspresentwithinthebundlebydrawingthemsimilarlyand
placingthemveryneartoeachother(i.e.,formingabundle). Thisalowsusers
toviewrelatedmappingsatonce,whichcanbeusefulwhileconductingvalidation
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tasks.Itisimportanttonotethattheprototypedoesnotcalculatetheproximityof
theitemsintheinputtedontologies.Inthisrespect,thefunctionalityprovidedby
thebaselinesystemwasusedas-isandthebundlingalgorithmusesthisinformation
providedbythebaselinesystemtoperformthebundlingprocess.
Sinceatleasttwoormoremappingedgesarecontainedinabundle,theseedges
combinedwithrelevantsourceandtargetentitiesmayformaninterestingareawithin
thesourceandtargetontologiesfromwheremultiplemappingedgesareoriginating
orterminating. Bundlesemphasizetheseinterestingareasandalowthemtobe
automaticalyperceivedbyusers. Thisinformationcanaidtheuserinmakinga
moreinformedvalidationdecisionaboutamappingpresentinabundle(i.e.,inan
interestingarea)bylookingattheotherrelatedmappingspresentinthesamebundle,
providingthemmoreconfidenceabouttheirvalidationdecision.Thus,itisexpected
thatuserswilhavemoreconfidenceinresultsoftheiractionswithCogZ-ecompared
toCogZ.
H1.5:Formappingvalidationtasks,userswilreportthatCogZislessusefulthan
CogZ-e.
ThesystemsCogZ-eandCogZprovidesimilarcorefunctionalityintermsofmap-
pingvalidationwithfundamentaldifferencesinvisualmethodsusedtopresentmap-
pingsandtheinteractionsupportprovidedtocompletethesetasks.InCogZ,users
havenootheroptionbuttofolowthepotentialstrategyofmanualyscanningal
presentedmappingedges,andstartverifyingeachmappingonebyone.Inthecase
ofCogZ-e,thebettercategorizationandorganizationofmappingscouldhelpusers
inverifyingmappingsquickly,inparticular,thesame-bundlemappingsmoreeasily,
whichcouldleadtotheirpositivefeedbackregardingusefulnessforCogZ-e.Since
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humansprefertobepresentedwithorganizedinformationthatisrelevanttoatask,
andbundlesprovidesuchinformationinanorganizedmanner,itisexpectedthat
userswilprovidepositivefeedbackintermsofusefulnessforCogZ-ewhenconduct-
ingvalidationtasks.Inaddition,theabsenceofanyhelpinCogZforvalidationtasks
mayleadtousers’negativefeedbackabouttheusefulnesswhencomparedtoCogZ-e.
H1.6:Formappingvalidationtasks,userswilreportthatCogZissimilarinease
ofusetoCogZ-e.
Theprocessofvalidatingamappingisdifferentinbothsystems(i.e.,oneby
onevalidationinCogZanddisambiguationofmappinginformationwithmultiple
mappingsvalidationinCogZ-e),butiseasytofolowinbothsystems.Therefore,the
expectationisthatuserswouldhavefindthetwosystemsbeingcomparedassimilar
regardingtheeaseofuse.
H1.7: Formappingvalidationtasks,userswilpreferCogZ-eoverCogZ.
Duetothesimplerepresentationofmappingedges,itisexpectedthatuserswil
befasterusingCogZwhileconductingvalidationtasks.Eventhoughmappingsare
groupedintobundlesandrequiresomedisambiguationstepstoviewtheindividual
mappingsinCogZ-e,users’expectedpositivefeedbackregardingtheperceiveduseful-
ness,andincreasedconfidenceintheirresults,aswelasthedecreaseintheperceived
difficultyofconductingvalidationtaskswithCogZ-ewiloutweighthisdrawback.
Consequently,itisexpectedthatduetotheoveralpositiveimpressionaboutCogZ-
e,userswilregardCogZ-easapreferredontologyalignmentinterfaceoverCogZfor
mappingvalidationtasks.
H2.1: UserswiltakelesstimetocompletemappingadditiontaskswithCogZ-e
thanCogZ.
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Ontologiesaredevelopedtoprovideahierarchicalorganizationoftheinforma-
tionofthedomaintheyrepresent[40]. Thus,itcanbeexpectedthatinformation
isgroupedinalogicalmanner.Bybundlingmappingedges,CogZ-eautomaticaly
highlightsthisgroupedinformationthatcanbehelpfulforconductingmappingad-
ditiontasks.Forexample,ifthereisamappingmissingnearabundle,itislogical
tostartlookingforthepotentialcorrespondingelementneartheoppositeendofthe
bundle.Thecorrespondingelementmaynotbepresent,butthisisstilapreferred
strategytoausualtop-downorrandomsearchstrategy,andcanberegardedasa
usefulfeature.
Viewingmappingsindividualywhileperformingtheadditiontasksisrequired.
InordertoseeanindividualmappingwithCogZ-e,theuserhastoperformsomedis-
ambiguationstepssuchasclickingonthebundletoopenthesmalpop-upwindow
containingthemappingsinit,andthenclickingonthemappingtoseeitseparately
(throughmapping-highlightfeature). Theseextrainteractionstepscouldrequired
someadditionaltime,however,itisexpectedthatthebenefitsoforganizationdueto
bundlingwiloutweighthisdisadvantage.Ontheotherhand,CogZrepresentsindi-
vidualmappingedgesclearlywithnoextrastepsrequiredtoviewthesemappings.
Sincenorelevanthelpisprovidedinfindingthepotentialconceptsformappingaddi-
tion,itmayleadtothetypicalapproachofrandomscanningofindividualconcepts
inthesourceandtargetontologiestolocatethemissingmatch.Thiswouldrequire
additionalamountoftimeasnoaidisprovidedtotheuserinordertocompletethis
task.
Eventhoughbothsystemshavedifferentvisualrepresentationandinteractions
methods,bothrequireadditionaltimeatdifferentstagesoftheprocess.Inaddition,
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theprocessofaddingamappingissimilarinbothsystemsafterthepotentialconcepts
havebeenfound. However,withtheoveralstructureprovidedbybundlingalong
withtheprominentinterestingareas,itisexpectedthatuserswilbeabletoidentify
missingmappingsmorequicklywithCogZ-ethanCogZ.
H2.2: Intermsofaccuracy,userswilbemoreaccuratewithCogZ-ethanCogZ
whileperformingmappingadditiontasks.
Inmappingadditiontasks,theavailabilityofrelatedandbackgroundinformation
tofindorcreateamissingmappingisimportant.Thiscanbehelpfulinmakinga
morevalid,informed,andaccuratedecision.Sincetherelevantmappingsaremost
likelytobebundledtogether,theuserswilbeabletoexploitthisrelatedinformation
moreeasilywithCogZ-e.Therefore,itisexpectedthattheuserswilbemoreaccurate
whileperformingmappingadditiontaskswithCogZ-ethanCogZ.
H2.3: Formappingadditiontasks,theperceivedlevelofdifficultyofagiventask
wilbelessinCogZ-ethanCogZ.
Byrepresentingtheoverwhelmingnumberofindividualmappingedgesonalim-
itedscreen-spacebytransformingthemintoasetofbundles,CogZ-ereducesthe
requiredcognitiveloadonuserstoprocessthisinformation.Themappingspresent
inthebundlecanbeautomaticalyperceivedbyusersasrelated,alowingthemto
intuitivelyprocessmappingswithlittlecognitiveeffort. Thishelpsindecreasing
theperceivedlevelofdifficultyassociatedwiththetaskathand,makingthisap-
proachadvantageous.Therefore,itisexpectedthattheperceivedlevelofdifficulty
ofmappingadditiontaskswouldbelowerinCogZ-e.InCogZmappingedgesare
notwel-organizedandstructured,whichwil makethemappingadditiontaskmore
cumbersomeandtedioustoperform.Hence,itisexpectedthatuserswouldfindthe
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additiontaskmoredifficulttoperformwithCogZ.
H2.4: Formappingadditiontasks,userswilbemoreconfidentintheirresults
afterusingCogZ-ethanCogZ.
CogZ-efacilitatestheprocessoflocatinganypotentialmappingsafterthebundling
hasbeenapplied.Theuserscanintuitivelylookformissingmappingsamongother
conceptsnearalreadyformedbundles.Sinceanynewmappingcreatedusingthis
processcanbecreatedinthevicinityofalreadyconfirmedmappings,thiswouldpro-
videadditionalconfidencetotheuserintermsofcorrectnessoftheiractions.Itis
moreconsistentandabetterstrategycomparedtorandomsearchtofindadditional
mappingsclosertotheonesalreadyavailable.CogZ-ehelpsusersbymakingtherele-
vantinformationavailablemoreprominentlyusingbundles,whichwilalowusersto
makeamoreconfidentdecision.Therefore,itisexpectedthatthiswilbebeneficial
intermsofincreasingtheirconfidenceintheresults.InthecaseofCogZ,usershave
tolocatethetwopotentialrelatedconceptsinthegivenontologiesfirstandthen
createmappings. Thislessenstheusers’confidenceovertheiractionsastheyhave
selectedbothconceptsbythemselveswiththeabsenceofanyrelevanthelpfromthe
system.Therefore,itisexpectedthatuserwouldbelessconfidentintheresultswith
CogZthanCogZ-e.
H2.5: Formappingadditiontasks,userswilreportthatCogZ-eismoreuseful
thanCogZ.
Sincehumanstendtoorganizethepresentedproblem-relatedinformationinto
categoriesinordertounderstandaproblem[63],itisexpectedthatthemapping
organizationprovidedbyCogZ-ewouldhelpusersinlocatingtherelatedconcepts
moreeasily,leadingtowardspositivefeedbackregardingtheusefulnessofCogZ-e.
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However,forCogZ,usershavetoadoptthetypicalstrategyofmanualyscanning
throughtheontologytreesandscatteredmappingedgestoconsiderpotentialmissing
mappings. Themanualsearchingmayleadtouser’snegativefeedbackaboutthe
usefulnessofCogZwhencomparedtoCogZ-e.
H2.6: Formappingadditiontasks,userswilreportthatCogZ-eissimilarinease
ofusetoCogZ.
Oncetherelatedconceptsforapotentialmappinghavebeenidentified,thepro-
cessofcreatingamappingamongthemissimilarinbothCogZ-eandCogZ.After
scanningthroughconceptsinCogZ,usershavetoselectthetwopotentialconcepts
andthenperformamappingadditionoperation.InthecaseofCogZ-e,userscan
takeadvantageofthemoreorganizedmappinginformationbuthavetofirstdisam-
biguatethebundlinginformationbeforeperformingamappingadditionoperation.
Therefore,theexpectationisthebenefitsversusthedrawbacksofbothsystemswil
bebalancedanduserswilreportthatCogZ-eissimilarineaseofusetoCogZ.
H2.7: Formappingadditiontasks,userswilpreferCogZ-eoverCogZ.
Regardlessoftheabsenceofanypotentialperformancegainintermsoftimere-
quiredtocompletethemappingadditiontasks,itisexpectedthatuserswilvalue
theirincreasedabilitytoconductthetasksmoreeasilyandaccuratelywithCogZ-e.
Furthermore,theirpositivefeedbackregardingtheusefulness,andincreasedconfi-
denceontheiractionsforCogZ-ewilleadtoanoveralpositiveimpressionabout
CogZ-e,resultingintotheexpectationthatusersmightpreferCogZ-eoverCogZas
anontologyalignmentinterfaceformappingadditiontasks.
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4.3 Methodology
Theuserstudywasdesignedtoevaluatethebenefitsanddrawbacksofedgebundling
forontologyalignmenttasks.Inordertoalowdirectcomparisonsbetweenthetwo
interfaces,awithin-subjectsdesignwasemployed.Theparticipantsusedeachinter-
faceonlyonce,conductingontologyalignmenttaskswithtwodifferentpairsoftest
ontologies.
SincethisenhancementwasimplementedwithintheCogZframework,CogZwas
usedasthebaselinecomparisonpoint. Withinthestudydesign,theinterfacewas
treatedastheindependentvariableCogZ-e(withbundling)vs. CogZ(without
bundling). Thedependentvariablesconsistedofthetime-to-taskcompletion,ac-
curacyofthetaskoutcomes,participants’perceivedlevelofdifficulty,confidence
overtheirresults,andtheirperceptionsofusefulnessandeaseofuse. Attheend,
open-endedfeedbackwasalsocolectedfromtheparticipants.
4.3.1 Tasks
Inordertosuccessfulyevaluateontologyalignmentinterfaces,itisimportantto
clearlydefinerealisticontologyalignmenttasksthatcanalsobeusedinthestudy.
Thedesignedtasksshouldincludethebasicontologyalignmentactivitiesthatare
performedbytherealusers.Theactivitiesshouldalsoalowthedirecttestingofthe
twofundamentalaspectsofthesystemi.e.,thevisualrepresentationmethodsusedfor
presentingtheinformation,andtheinteractionoptionsprovided.Theresultsofthe
user’sperformancewhileconductingthesecarefulydesignedtasksinthismanner,
canthenhelpinevaluatingtheeffectivenessoftheseimportantaspectsofthesystem.
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Toevaluatethetwoontologyalignmentinterfaces,thestudyisstructuredaround
theparticipantsperformingthetwofundamentalhigh-levelontologyalignmenttasks:
i.e. mappingvalidationandmappingadditiontasks.Sincethelogicalflowofper-
formingthesealignmenttasksistofirstconductmappingvalidationtasksandthen
mappingadditiontasks,thesamesequenceoftaskexecutionisalsomaintainedinthe
study.Inaddition,theactivitiesinvolvedinthesetasksascertainsthatparticipants
interactwiththetwoimportantaspectsofthesystem(i.e.,visualmethodsusedto
presentmappinginformation,andtheavailablemappinginteractionoptions).
Sinceitisbeneficialtoprovidecontexttoparticipantssothattheycanrelatetothe
situationbeingdefinedinthetasksandapplytheirownknowledge[51],ahypothetical
scenariowasprovidedforeverytask.Participantswereaskedtoimaginethemselves
asdatamanagersworkingforadataminingcompany.Askingtheparticipantstoput
themselvesinasituatedtaskaddscontexttotheactivitytheyaretoperform,even
iftheyarenotfamiliarwiththedetailsofthetask.
Forthemappingvalidationtask,participantswereaskedtoverifyfiveoutofa
totalfifteencandidatemappings. Folowingthecompletionofthistask,withthe
samesetofontologies,participantsperformedthemappingadditiontask.Forthis
task,participantswereagaingivenasimilaractivityinwhichtheywereaskedtoadd
fivenewmappingsamongthesourceandtargetconceptsofthegivenontologyset,
whichtheybelieveshouldbemappedtoeachother.Thedetailedtaskdescriptions
thatwerepresentedtoparticipantsareasfolows:
Task1:Validationofmappings
Imagineyouareadatamanagerinadepartmentofadataminingcompanywhich
dealswiththedataintegration.Youhavebeenhiredtomaptwoontologiestoeach
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otherwhichrepresentthedomainofanacademicconference. Themappingshave
alreadybeencomputedandpresentedtoyou.Yourtaskistoverifyany5ofthe15
mappingsshowntoyou. Teltheinvestigatorclearlywhichmappingyouconfirm,
whichmappingyoubelieveshouldberemovedandwhytheyshouldbeconfirmedor
removed.
Task2:Addamapping
Imagineyouareadatamanagerinadepartmentofadataminingcompanywhich
offersservicesfordataintegration. Youhavebeenhiredtomaptwoontologiesto
eachotherwhichrepresentthedomainofanacademicconference. Themappings
havealreadybeencomputedandpresentedtoyou.Thistimeyourtaskistoadda
mappinglinkbetweentwoconceptswhichyoubelievearesimilartoeachotherand
themappinglinkismissingbetweenthem.Pleaseaddany5mappingsthatyoufeel
aremissing,andteltheinstructorwhythemappingshouldbeadded.
Theseontologyalignmenttaskscanbecarriedoutusingbothinterfaces.Inad-
dition,theyweredesignedtoalsocomplywiththerequirementsofbeingmoderately
complex,becompletedeasilyinthecontroledenvironmentoftheuserstudy,aswel
astoreflectabasiclevelofthetasksthatareperformedbytheactualuserswithreal
systemsandcomplexontologydatasets.
4.3.2 SelectionofDatasets
Theselectionofthedatasetswasoneoftheimportantstepsinthedesignofthestudy.
Themaineligibilitycriteriaforthedatasetsisthattheyrepresentcommonlyknown
domains,andaresimilartoeachother.Furthermore,thesedatasetsshouldnotbe
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complexandvarysignificantlyintermsofthenumbersofcontainedconcepts,the
inheritancelevelamongtheconcepts,andthenumberofgeneratedmappingswhen
alignedwithanotherdataset.Thisisnecessarytominimizeanyimpactofdatasets’
dissimilarityandcomplexityasmuchaspossibleonthestudyresults.
Forthepurposesofthisstudy,twosampleontologysets(twoontologiesinone
set)representingcommonlyknowndomainswereused.Bothoftheseontologysets
havebeenmadefreelyavailableonthe Webtobeusedforresearchpurposes. One
ontologysetrepresentsthedomainofauniversityasanorganization[29],andthe
otherdefinesthedomainofanacademicconference[26].Itwasexpectedthatsince
participantswouldberecruitedfromthestudentbody,theywouldbeknowledgeable
aboutthesedomainareas.
Thesummaryofimportantcharacteristicsofeachoftheontologydatasetislisted
inTable4.1.Itcanbeviewedthatthetwosetsoftestontologieschosenforthis
studyaresimilarsizedintermsofthenumberofentities,depthofthehierarchical
structure,numberofgeneratedmappingsforthevalidationtasks,andnumberof
mappingsfortheadditiontasks.Inparticular,eachontologyofthedatasetson
averagecontainedaroundseventyfiveconcepts,thedepthofinheritancewasone,the
numberofmappingsproducedbetweenthetwoontologiesofadatasetwasbetween
fifteentotwenty,andthepotentialmappingstobefoundwerebetweensixtoseven
(seeTable4.1).ThecompletedatasetsarealsoavailableasAppendixBofthisthesis.
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Table4.1:Summaryofcharacteristicsofthetestontologydatasets
Domain Universitydataset Conferencedataset
Numberofentities 55 111 59 73
Hierarchicaldepth 4 4 4 3
No.ofavailablemappingsforvalidation 21 18
No.ofpotentialmappingsforaddition 7 6
4.3.3 Procedures
Asafirststepofthestudy,apre-studyquestionnairewasadministeredtorecord
theeducationalbackgroundcharacteristicsofeveryparticipant.Sinceparticipants’
experiencewithontologiescouldgreatlyaffecttheoutcomeofthestudy,theseques-
tionnaireswererequiredtodeterminetheparticipants’levelofpriorknowledgewith
ontologiesorknowledgerepresentation,andtheirpriorexperienceofusinganyontol-
ogyalignmentsystems.
Ontologiesandtherelatedconceptsarenotcommonlyknown,thereforeinorder
toensureapreliminarylevelofknowledgeandexperience,abrieftrainingsessionwas
conductedpriortothebeginningofthestudy.Inthistraining,ashortintroduction
aboutontologies,ontologyalignment,ontologymappings,andtheoveralproblem
domainwasprovided.Inthistrainingsession,participantswerealsorequestedto
performsomesamplemappingvalidationandadditiontasksusinganotherteston-
tologysetrepresentingthedomainofcommonthingsinone’sdailylife[26](available
inAppendixB).Thisstepwastakentoensurethateachparticipanthadaprelim-
inaryunderstandingofbothinterfacesandthetasksthatweretobeperformedin
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Participant
groups
Interface exposure with
ontologyset
G1 CwithOA CewithOB
G2 CewithOA CwithOB
G3 CwithOB CewithOA
G4 CewithOB CwithOA
Table4.2:Round-Robinrotationoftasksandinterfaces.LettheCogZsystembeC
andCogZ-easCeandconsidertheusedontologydatasetsasOAandOB.
thestudy.Inrealisticscenarios,knowledgemanagersareoveralfamiliarwiththe
domainandtheontologicalstructureofthesourceandtargetontologies.Therefore,
beforebeginningthestudy,alparticipantswerealsoprovidedwithashortbriefing
overthedomainsofthetestontologysets(i.e.,universityandacademicconference)
alongwiththeontologicalstructures.
Inordertominimizepotentialorderingeffectsoftheinterfaceexposureandthe
testontologysets,a2X2Graeco-Latinsquare[38]designwasadoptedtosystemat-
icalyrotatetheorderoftheinterfaceexposureandthetestontologydatasets(see
Table4.2).Inordertomitigateanypotentiallearningorotherorderingeffectson
theresultsofthestudy,suchassomeparticipants’familiaritywithonedomainof
anontologysetthantheother,participantsinthestudywereassignedtodifferent
groupsinaround-robinfashion.
Folowingthepre-definedtaskorder,foreachtestcondition,participantswere
firstaskedtovalidatethemappingsproducedbytheautomaticalgorithm. This
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taskincludedconfirmationofcandidatemappingsthatarecorrect,andrejectionof
inaccuratemappings.Afterthecompletionofthistask,participantswereaskedtoadd
anyadditionalmappingstheythinkthatweremissedbytheautomaticalgorithm.As
explainedearlier,thisorderingoftaskswaskeptconstantinthestudydesigntomimic
thenormalprocessforconductingontologyalignmenttasksinrealisticscenarios.
Duringeachtask,theoveraltimetocompletethetaskwasnoted.Immedi-
atelyaftereachtaskcompletion,subjectivemeasuresofparticipants’confidencein
performingthetasksandperceivedtaskdifficultyweremeasuredusinganin-task
questionnaire.Thesamein-taskquestionnairewasalsousedtodeterminethepartic-
ipant’sleveloffamiliaritywiththedomainofthetestontologyset.
Theaccuracyofthemappingvalidationandadditiondecisionstakenbypar-
ticipant’swereverifiedpost-hocbyapanelofontologyexpertsafteralthestudy
taskswerecompleted.Folowingthat,apost-studyquestionnairewasadministered
tomeasureperceptionsofusefulnessandeaseofuseabouttheontologyalignment
interfacesforboththevalidationandadditiontasks. Withsomemodifications,the
questionnairedesignwasborrowedfromtheguidelinesofTechnologyAcceptance
Model(TAM)[17]tocalculatethesemeasures.
ThedefaultTAMquestionnairesprovideeffectivefeedbackandarehelpfulfor
evaluatingnewtechnologicalsystemsagainstpreviouslyknownsystems. However,
anissuewiththedefaultTAMquestionnairesisthattheyrequiretheparticipants
tohaveenoughpriorcontextinorderforthemtocorrectlycomparethesystem
beingevaluatedwiththeirpastexperiencewithasimilarsystembeingusedinan
analogouscontext.However,inthiscase,thisassumptionisnotappropriatebecause
participantshaveverylittleknowledgeabouttheontologiesand,moreimportantly,
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havenopriorexperienceindealingwiththeontologyalignmentsystemsandtasks.
Thus,inordertoaccuratelyevaluatethefeaturesoftheinterfaces,thequestionsof
theTAMinstrumentalongwiththeavailablechoicesweremodified. Ratherthan
askingparticipantstoprovideanswersforeachinterfaceonaLikertscale,itwas
askedthatforeachquestiontheyrankoneinterfaceovertheother,orindicatethat
theyarethesame.
Attheend,participants’wereaskedtoindicatetheirpreferenceforaninterface
basedupontheiroveralexperiencedevelopedwhileconductingalthetasksduring
thestudywithbothinterfaces.Inaddition,adebriefingsessionwasconductedto
alowparticipantstoprovidegeneralcommentsregardingthetwointerfaces. The
questionsinthissessionincludedtheiropinionsontheinterfaces,thepositiveand
negativefeaturesoftheinterfaces,andthemajorreasonsfortheirpreferencefor
aninterface. Duringthestudytheparticipantswerealsoencouragedtofolowthe
think-aloudprotocol[47],whichhelpedinanalyzingthethinkingprocessoftheusers
aswelasindiscoveringthedifficultiesparticipantswerehavinginperformingtheir
assignedtasks.
4.3.4 Analysis
Tocomparethetimetotaskcompletionmeasureofthetwointerfaceswhileconduct-
ingontologyalignmenttasks,theoveraltimestocompletethemappingvalidation
tasksandadditiontaskswereused.Sincethesemeasuresarequantitativeinnature,
theywereanalyzedviaanalysisofvariance(ANOVA).Similarly,theaccuracyofthe
mappingvalidationandadditiondecisionsduringthetaskswerealsoanalyzedusing
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analysisofvariance(ANOVA)[71].Thetimetotaskcompletionandaccuracyresults
ofthealignmenttasksareanalyzedandreportedindependentlyforeachtypeoftask
withtheusedtestontologydataset.
Thedatacolectedfromthein-taskquestionnairesforthedependentvariablesfor
familiaritywithontologydomains,andconfidenceinresultsisqualitative.Similarly,
theaggregatedresponsesfrompost-studyquestionnairesforthedependentvariables
forperceivedusefulness,andperceivedeaseofusearealsoqualitativeinnature.To
determinethatthetwodatasamplesobtainedforeachofthesedependentvariables
comefromdistinctpopulations,andthesamplesdonotaffecteachother,andthus
areindependentfromeachother,theywereanalyzedusingpair-wiseWilcoxon-Mann-
Whitneytests[4].
SincetheTAMinstrumentprovidessixquestionsthatrelatetousefulness,andsix
thatrelatetoeaseofuse,theresponseswereaggregatedforalparticipantsbasedon
theseunderlyingconstructsinordertogaugetheiroveralperceptions.Furthermore,
sinceitwaswishedthatparticipantsmakeacomparisonbetweeninterfaces,buteach
interfacewasusedonlyoncewithadifferentdataset,itisnotpossibletoanalyze
theresponsesbyeachtopicdomainseparately.
Todetermineparticipants’preferenceforaninterfacethedatasampleswerealso
obtained.Sincethesedatasamplesarerelatedpairs,thepreferencerankswerean-
alyzedusingpair-wise Wilcoxonsignedranktest[83]. Teststhatarefoundtobe
significantarerepresentedintheboldfont.
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4.4 EvaluationResults
4.4.1 ParticipantDemographics
Twentyfourparticipantswererecruitedfromtheseniorundergraduateandgraduate
studentpopulationoftheComputerScience,Engineering,andBusinessdepartments
toparticipateinthestudy.Pre-studyquestionnairesweredesignedtodeducepar-
ticipants’priorexperienceregardingontologyalignment,alongwiththeirknowledge
abouttheoveralproblemdomain.Fromtheresponses,itwasinferredthatthepar-
ticipantsbelongtoarelativelyhomogeneousgroup,withverylittletonoexperience
withontologiesthemselves,andnopriorexperienceusingontologyalignmentsystems
(seeTable4.3).
Aftercompletingeachtask,theparticipantswereaskedtoreporttheirfamiliarity
withthedomainsoftestontologydatasets.Sincethefamiliaritywiththedomainof
thetestontologydatasetsisindependentoftypeofthetaskperformed,theresponses
Table4.3:Featuresoftheparticipantdemographics.
Haveyoutakenanyontologydevelopmentorknowledge
representationcourse?
Yes:20%No:80%
Haveyouusedanystructureordatabaseorontologymap-
pingsystembefore(fore.g.,COMA++,SMatch,Protege,
Anchor-Prompt)?
Yes:0%No:100%
Howconfidentareyouaboutyourknowledgeregarding
ontologies?(askedafterthetrainingsession)
Veryconfident:4%
Confident:42%
Neutral:33%
Unconfident:17%
Veryunconfident:4%
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havebeenaggregatedtofacilitatefurtheranalysisoftheresults.Thedistributionof
theresponsescanbeseeninFigure4.1.Ascanbeseenfromtheseresultsthatthe
participantsreportedanormalrangeoffamiliaritylevels,confirmingtheexpectation
thattheparticipantswouldbeknowledgeableaboutthesedomains(i.e.,university
andacademicconference)ofthetestontologydatasets.
4.4.2 TimetoTaskCompletion
Theaveragetimetakenbyparticipantstoperformthemappingvalidationtasksis
showninFigure4.2.Asitiscanbeclearlyseen,participantstooksignificantlyless
timewithCogZ-einterfaceusingedgebundlingtoverifythemappingswithbothtest
ontologydatasets.TheresultsofastatisticalcomparisonusingANOVAarereported
inTable4.4. Thedifferencesincompletiontimeforthevalidationtasksoverboth
ontologysetswerefoundtobestatisticalysignificant.
Ingeneral,therearetwocompetingaspectsofedgebundlingthatcanhavean
effectonthetimetakentoperformthemappingvalidationtasks. Aspreviously
Figure4.1:Distributionoftheaggregatedresponsesaboutfamiliaritywiththedo-
mainofthetestontologydatasets.
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Figure4.2: Averagetimetakentocompletethevalidationtasks. Errorbarsare
reflectingthestandarderroraboutthemean.
Table4.4:Statisticalanalysisofthedifferencesinthetimetotaskcompletionofthe
validationtasks.
OntologyDomain ANOVA
University F(1,22)=71.046,p<0.0001
Conference F(1,22)=78.791,p<0.0001
discussed,bybundlingtheedges,theclutterwithinthevisualinterfaceisreducedand
thetaskofperformingmappingvalidationbecomesmorestructuredandfocused.This
hasthepotentialtoincreasethespeedatwhichthetaskscanbecompleted.However,
thereisanaddedinteractiveelementofdisambiguatingabundlethattakesadditional
time.UnderhypothesisH1.1,itwaspredictedthattherequireddisambiguationsteps
duetobundleswouldnegativelydominatetheadvantagesofbundling. However,
theseresultsinvalidatethishypothesis,whichispromisingintermsoftimeefficiency
ofparticipantsandisevenbetterthanwhatwasexpected. Fromtheseresults,it
canbeclearlyseenthatthetime-savingeffectsofprovidingthemappingsinbundles
greatlyoutweighstheextraworkrequiredtodisambiguateabundle.
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Inadditiontothefactthatbundlingprovidesamorestructuredapproachtoward
mappingvalidationtasks,anotherpotentialreasonforthisoutcomeistheprovided
abilityofvalidatingmultiplemappingsatonce,whichisaconsequentfeatureofusing
bundling(i.e.,multiplemappingsaregroupedthereforemultiplemappingscanalso
bevalidatedtogetheratonce).Usingthisfeature,asignificantamountoftimecan
besaved,leadingtotheoveraldecreaseintheamountoftimetakenbyparticipants
whileconductingvalidationtaskscomparedtoCogZ.
Sincetheprimaryfocusofthisresearchisonreducingtheamountofinforma-
tionthatwasrequiredtobeprocessedbyknowledgemanagerssimultaneously,the
mappingresultswereprovidedbythebaselinesystem,andwerenotmodified.The
amountoferror(ifany)introducedinthevalidationresultsandtheconsequentfac-
torsarenotthefocusoftheconductedresearch.Infact,theideabehindproviding
themappinginformationtotheanalystforvalidationistoaddressthepotentialfor
suchmappingerrors.
Theresultsforthetimetakentocompletethemappingadditiontasksarere-
portedinFigure4.3.Theseresultsaremixed,withthestatisticalanalysisshowing
nosignificancebetweenthedataforeithertestontologydataset(seeTable4.5).Asa
result,itisconcludedthatedgebundlinghadnoeffectonthetimetakentoperform
themappingadditiontasks.
Thisresultiscontrarytotheexpectedoutcome(H2.1).Itwasanticipatedthatthe
structureprovidedbytheedgebundlingwouldhaveaidedtheparticipantsinfinding
missingmappings.Onepossibleexplanationfornotrealizingatimesavingsinthese
tasksisthattheaddedoverheadoftheinteractivedisambiguationmayhavebeen
moreprevalentduringtheseadditiontasks. Duringthemappingvalidationtasks,
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Figure4.3:Averagetimetakentocompletetheadditiontasks.Standarderrorabout
themeanisshownusingtheerrorbars.
Table4.5:Statisticalanalysisofthedifferencesinthetimetotaskcompletionofthe
additiontasks.
OntologyDomain ANOVA
University F(1,22)=2.921,p=0.101
Conference F(1,22)=2.077,p=0.163
thisoverheadwasincurredonceforeachbundlesincethedisambiguationcouldbe
doneinconcertwiththevalidationofal mappingswithinthebundle.However,for
themappingadditiontasks,theparticipantsmayhaveincurredthistimepenaltyof
disambiguationrepeatedlyastheyanalyzedthebundlestodetermineanappropriate
endpointforacandidateentityinoneoftheontologies.However,itshouldbenoted
thatthisaddedtimedidnotresultinsignificantlymoretimebeingtaken,butinstead
balancedoutthetimesavingsasaresultoftheedgebundlingitself.
110
4.4.3 Accuracy
Aftertheparticipantsfinishedthevalidationandadditiontasks,theconfirmed,re-
jected,andaddedmappingswereexaminedbyapanelofexpertstoensureaccuracy
(correctness).Thepanelconsistedofthetwosupervisorsofthisthesisincludingthe
author.Theaccuracyofthevalidationtaskswasperfect(100%)forbothtasksand
bothinterfaces. Thisresultshowsthatthevisualencodingofmappingsasedges,
whethertheybebundledornot,isaneffectivemeansofrepresentingthemappings.
Furthermore,itisanindicationthattheparticipantswerecarefulincompletingthe
mappingvalidationtasks.Theseresultsconfirmtheexpectationthatsincecandidate
mappingsarecalculatedbyautomaticalignmentalgorithmsforbothsystems,there
wilbenosignificantdifferenceintermsofaccuracyforvalidationtasks(H1.1).
However,fortheaccuracyoftheadditiontasks,thereweredifferencesoverboth
testdomains,asshowninFigure4.4. Withtheuniversityontologydataset,the
participants’averageaccuracywas90%withCogZand98.3%withCogZ-e. For
theacademicconferenceontologydataset,participantswere86.6%accuratewhile
usingCogZ,and96.6%accuratewhenusingCogZ-e.Inordertochecksignificance
oftheseresults,ANOVAwascarriedoutonbothaccuracydatasamples.Fromthe
calculationsofANOVAbetweentheinterfaces(seeTable4.6),itwasfoundthatthe
improvementsinaccuracyasaresultofusingthebundlinginterface(CogZ-e)were
statisticalysignificantforbothtestontologysets.
Theseresultssuggestthatthestructureimposedbytheedgebundlingactualy
helpedparticipantstofindappropriatemappingstoadd.Thatis,byusingthebundles
asaguideforfindingmissingmappings,participantswereabletomakebetterchoices
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Figure4.4: Averageaccuracyforadditiontasksinpercentage.Standarderrorsof
meanofthedatasampleisalsoshownusingtheerrorbars.
Table4.6:Statisticalanalysisofthedifferencesintheaccuracyoftheadditiontasks.
OntologyDomain ANOVA
University F(1,22)=5.851,p<0.05
Conference F(1,22)=5.210,p<0.05
forsuchadditionsthanusingthenon-bundledrepresentationofthemappings.So,
whilethebundlingdidnotimprovethetimewithwhichsuchbundlingaddition
taskscouldbecompleted(asreportedintheprevioussub-section),itwasableto
improvetheaccuracyoftheresults.Therefore,thereisempiricalevidencetosupport
hypothesisH2.2.
4.4.4 PerceivedDifficultyofGivenTasks
Aftereachtaskwascompleted,theparticipants’perceivedlevelofdifficultyregarding
theperformedtaskswasrecorded. Theaimwastocomparehowthissubjective
measurevariesforthesamesequenceoftaskswhileusingthetwointerfaceswiththe
testontologydatasets.Thedistributionofresponsestothisquestionforthevalidation
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taskswiththedomainoftestontologydatasetsareshowninFigure4.5.Forboththe
universityandacademicconferenceontologydatasets,theaverageperceiveddifficulty
wasslightlylowerwithCogZ-ecomparedtoCogZ.
Inordertodeterminethestatisticalsignificanceoftheseresults,pair-wiseWilcoxon-
Mann-Whitneytestswereperformedforeveryontologydataset.Itwasfoundthat,
formappingvalidationtasks,therewasnosignificantdifferenceamongtheaverage
responsetotheperceiveddifficultybetweenCogZandCogZ-ewiththeuniversitydo-
mainontologydataset(seeTable4.7).However,fortheconferencedomainontology
dataset,itwasfoundthatparticipantsfoundthevalidationtaskeasierwithCogZ-e.
Itwasexpectedthatwithreducedvisualclutteronthescreenduetobundling,
theperceivedlevelofdifficultyforthetimeconsumingvalidationtaskwouldbelower
withCogZ-e. However,sincethiscouldonlybeshownforonlyconferencedomain
ontologydataset,thisresultdoesnotentirelyconfirmtheexpectation(H1.3). Al-
thoughbothinterfacesprovideverydifferentmethodsofrepresentingandinteracting
(a) (b)
Figure4.5:Distributionofresponsesforperceiveddifficultyforvalidationtasks(a)
universitydomain(b)conferencedomain.
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Table4.7:Statisticalanalysisoftheresponsesfortheperceiveddifficultyformapping
validationtasks.
DomainofOntologyDatasetWilcoxon-Mann-Whitneytests
University Z=−1.201,p=0.230
Conference Z=-3.361,p<0.001
withmappings,mixedresultswerefoundthatindicatethatperhapspriorknowledge
couldhaveinfluencedtheresults.
Similarly,forthemappingadditiontasks,theaverageresponsetoperceiveddif-
ficultywithCogZ-ewasslightlylowerthanCogZ(Figure4.6). However,nosignif-
icantdifferencewasfoundwhenthepair-wise Wilcoxon-Mann-Whitneytestswere
performedforboththeontologydatasets(seeTable4.8).
ItwasanticipatedthattheorganizedmappinginformationwithCogZ-ewilde-
creasethedifficultythatisnormalyassociatedwithmappingadditionstasks(H2.3).
However,fromtheaboveresults,itcanbeinferredthatparticipantsdidnotfind
(a) (b)
Figure4.6: Distributionofresponsesforperceiveddifficultyforadditiontasks(a)
universitydomain(b)conferencedomain.
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Table4.8:Statisticalanalysisoftheresponsesfortheperceiveddifficultyformapping
additiontasks.
DomainofOntologyDatasetWilcoxon-Mann-Whitneytests
University Z=−0.919,p=0.358
Conference Z=−1.622,p=0.975
significantdifferencebetweenthetwointerfacesbeingevaluatedintermsofperceived
difficultyofthetask. Thus,CogZ-eneitherincreasednordecreasedtheperceived
levelofdifficultyinperformingthemappingadditiontasks.
ItisevidentthatregardingthevalidityofhypothesisH1.3,mixedresultswere
obtained,suchthat,fortheuniversitydomainofthetestontologyset,therewasno
advantageforusingCogZ-ebutfortheconferencedomainofthetestontology,CogZ-e
helpedparticipants’inconductingvalidationtaskswithmoreease.Forthehypothesis
2.3thevaliditycouldnotbeconfirmed,implyingthatformappingadditiontask,
CogZ-eprovidesnobenefitintermsbringingeasetothetask.Althoughthesample
showninFigure4.6isgood,thetestresultsconfirmthatthissampleisnotinference
tothewholepopulation.Themainreasonfortheseresultscouldbethatparticipants
indicatedduringthepre-studyquestionnairethattheyhaveverylittletonoprior
knowledgeregardingontologiesorontologyalignmentsystems.Sinceparticipantslack
therelevantknowledgeabouttheoveralproblemdomainandthefactthatthecore
functionalityprovidedbythetwosystemsissimilar,itispossiblethatparticipants
donothaveanadequatealternativetocomparetheircurrentperformancewiththeir
priorexperienceswithsimilarsystems,whichmayhaveaffectedtheseresults.
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4.4.5 PerceivedConfidenceinResults
Themeasureofperceivedconfidenceaimstocomparehowparticipants’confidence
intheirresultsortaskoutcomeschangeswhileperformingthegiventasksusingboth
interfacesandtestontologydatasets.Thedistributionofresponsestotheperceived
confidencecanbeseeninFigure4.7forthevalidationtasks.Itisevidentthat
similarresponseswerereportedforbothinterfacesintermsofconfidenceforthe
mappingvalidationtasks. Onthebasisoftheaverage,theconfidencewithCogZ-e
wasslightlyhigherwhenperformingvalidationtaskscomparedtoCogZ.However,
theresultsofpair-wise Wilcoxon-Mann-Whitneytestsindicatethatthesedifferences
arenotstatisticalysignificant(seeTable4.9).Thisimpliesthatforbothinterfaces,
theparticipantsindicatedhighconfidence,whichisasignofthevalueofvisualy
representingtheontologyalignmentoutcomestotheparticipantandalowingthem
tovalidatetheresults.Theseresultsalsoindicatethatintheopinionofparticipants,
bothinterfacesaresimilarintermsofperceivedconfidenceovertheiractionswhen
performingthevalidationtasks.
TheseresultsinvalidatehypothesisH1.4,inwhichitwaspredictedthattheben-
efitsofviewingrelatedinformationatoncebeforecarryingoutavalidationdecision
wouldincreaseparticipants’confidenceontheirmappingvalidationdecisions.Itis
possiblethatduetothesamecoredatabeingusedbybothsystemsandparticipants
havingtomaketheirdecisionsbasedonthesamedata(i.e.,mappinginformation),
theywereequalyconfidentovertheirvalidationdecisions,andusageofthedifferent
mappingrepresentationneitherincreasednordecreasedtheirperceivedconfidence.
Forthemappingadditiontasks,theaverageconfidenceregardingCogZ-ewas
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(a) (b)
Figure4.7:Distributionofresponsesforperceivedconfidenceforvalidationtasks(a)
universitydomain(b)conferencedomain.
Table4.9:Statisticalanalysisoftheresponsesfortheperceivedconfidenceoncor-
rectnessformappingvalidationtasks.
DomainofOntologyDatasetWilcoxon-Mann-Whitneytests
University Z=−1.382,p=0.167
Conference Z=−0.440,p=0.660
slightlyhigherthanCogZ,indicatingthatthebundlinginterfacehasstrongerpositive
resultsforbothdomainsofthetestontologydatasets(seeFigure4.8).Inorderto
determinethesignificanceoftheresults,pair-wiseWilcoxon-Mann-Whitneytestswas
carriedout(seeTable4.10).
Thetestsshowthattherearenosignificantdifferencesamongtheconfidenceover
thetwointerfacesforperformingthemappingadditiontask.Similarly,thisresult
alsodoesnotsupporttherelevanthypothesis(H2.4).Thishypothesispredictedthat
CogZ-ewilbeabletoincreaseparticipants’confidenceintheirmappingaddition
decisionssincerelatedinformationisgrouped,creatinginterestingareasthathelp
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(a) (b)
Figure4.8:Distributionofresponsesforperceivedconfidenceforadditiontasks(a)
universitydomain(b)conferencedomain.
Table4.10:Statisticalanalysisoftheresponsesfortheperceivedconfidenceoncor-
rectnessformappingadditiontasks.
DomainofOntologyDatasetWilcoxon-Mann-Whitneytests
University Z=−1.411,p=0.158
Conference Z=−0.031,p=0.975
findingnewmappingconnections. However,theseresultssuggestthatparticipants
wereequalyconfidentintheiractionsusingbothinterfaces. Asmentionedbefore,
sincethecoredatausedbythesetwosystemsintermsofmappingadditioninforma-
tionisthesame,participantsfoundlittledifferencebetweentheinterfacesinterms
oftheirconfidence.
4.4.6 PerceivedUsefulnessandEaseofuse
Afterthesubjectivereactionsforeveryparticulartaskwererecorded,overalper-
ceptionabouttheusefulnessandeaseofuseoftheinterfacesbeingcomparedwere
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colectedviapost-taskquestionnaire. Atthisstage,theparticipantswouldhave
conductedalthetasksusingbothinterfaceswiththetwotestontologydatasets,
whichenablesthemtoeffectivelyjudgeandcomparetheinterfacesbasedupontheir
experience.
Itwasexpectedthatduetothebettervisualrepresentationandinteractionsup-
port,participantswouldfindCogZ-emoreusefulwhileconductingthemappingvali-
dationtasks(H1.5).Itwasalsoexpectedthatsincetheprocesstovalidateamapping
iseasytofolowinbothsystems,participantswilnotreportanydifferenceinterms
oftheeaseofuse(H1.6). Theaggregateresponsestotheperceivedusefulnessand
easeofusequestionsforthemappingvalidationtasksareilustratedinFigure4.9.
Theresultsshowthatthereisastronglypositiveperceptionofboththeusefulness
andtheeaseofuseoftheedgebundlinginterfaceforthemappingvalidationtasks.
Table4.11showstheresultsofa Wilcoxonsignedranktestonthisdatasample,
whichconfirmsthestatisticalsignificanceofthefinding.
TheresultsshowthatCogZ-ehasbeenregardedasmoreusefulandeasytouse
comparedtoCogZforthemappingvalidationtasks.ThehypothesisH1.5hasbeen
supportedbytheseresults.However,H1.6isnotsupported,whichisbetterthanthe
expectedoutcome.Thereasoncouldbethatinadditiontotheorganizedmapping
information,participantsalsoacknowledgedthefeatureofvalidatingmultiplemap-
pingsatonce,whichresultedintheiradditionalpositivefeedbacktowardstheease
ofuseofCogZ-e.
Forthemappingadditiontasks,itwaspredictedthatparticipantswilappreciate
thegroupingofthepresentedinformationusingedgebundling,whichwilresultin
theirpositivefeedbacktowardstheperceivedusefulness(H2.5),andtheywouldfinda
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Figure4.9:Aggregatedresponsesforperceivedeaseofuseandusefulnessmeasures
forthemappingvalidationtasks.
Table4.11:Statisticalanalysisofthedifferencesintheperceiveeaseofuseand
usefulnessofthetwointerfacesforthemappingvalidationandadditiontasks.
TaskType PerceivedEaseofUse PerceivedUsefulness
MappingValidationZ=-4.841,p<0.001Z=-9.297,p<0.001
MappingAddition Z=-5.327,p<0.001Z=-7.673,p<0.001
smaldifferencebetweentheinterfacesintermsoftheeaseofuse(H2.6).Figure4.10
showstheresultsoftheperceivedusefulnessandeaseofusequestionnairesforthe
mappingadditiontasks.Similartothecaseofmappingvalidationtasks,thereisalso
anoveralpositivefeedbackforboththeusefulnessandeaseofuseoftheedgebundling
interfacewhenconductingmappingadditiontasks. Thestatisticalsignificanceof
theseresultswasconfirmedthrougha Wilcoxon-Mann-Whitneytestsusingapair-
wisegroupingoftheinterfaces(seeresultsinTable4.11).
TheresultsdepictthatCogZ-eissuperiortoCogZintermsofusefulness(H2.5)
andeaseofuse(H2.6)forthemappingadditiontasksthatparticipantsperformed.
SincetheseresultsconfirmthatCogZ-enotonlyreceivedmorefavourablevotesin
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Figure4.10:Aggregatedresponsesforperceivedeaseofuseandusefulnessmeasures
forthemappingadditiontasks.
termsofusefulnessandeaseofusemeasurebutalsotheresultswerestatisticaly
significant,thehypothesisH2.5relatingtousefulnesswassupported. However,hy-
pothesisH2.6predictingasmaldifferenceabouttheeaseofuseforbothsystemscould
notbesupported,whichisagainbetterthantheexpectedoutcome.Thereasonmay
bethatonceparticipantsaremorefamiliarwithCogZ-e,theywerealsoabletouse
bundlingwitheaseforadditiontasks. Theyreportedthatthebundlingalsohelps
theminlocatingthepotentialmappingsmoreeasilybecauseofthecategorizationof
already-formedmappings.
Theseresultsprovideanindicationthattheparticipantsappreciatedthelessvi-
sualyclutteredinterfaceproducedbytheedgebundling,findingtheinterfaceboth
easiertouseandmoreusefulfortheprescribedtasks. Whileedgebundlingintro-
ducesadegreeofambiguityinthemappingrepresentation,thisambiguitywasnot
perceivedasbeingdetrimentaltotheeaseofusenortheusefulness,perhapsdueto
thesimpleyeteffectiveapproachfordisambiguatingthebundles.
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4.4.7 Preference
Afterthestudywascompleted,participantswereaskedtogivetheirpreferencefor
anontologyalignmentinterface.Forthemappingvalidationtasks,twenty-twopar-
ticipantsoutoftwenty-fourindicatedtheirpreferenceforCogZ-e(92%)overCogZ.
Similarly,twentyparticipantsoutoftwenty-fourindicatedtheirpreferenceforCogZ-
e(83%)overCogZformappingadditiontasks.A Wilcoxonsignedranktestfound
statisticalsignificanceinthepreferenceofCogZ-eoverCogZformappingvalidation
tasks(Z=-4.082,p<0.0001)aswelasformappingadditiontasks(Z=-3.266,
p<0.0001).
Thehypotheses,H1.7formappingvalidationtasksandH2.7formappingaddition
tasks,predictedthatduetotheoveralpositiveimpressionofCogZ-e,participantswil
preferCogZ-eoverCogZforbothkindsoftasks.Theaboveresultsclearlyindicate
thesupremacyofCogZ-einterfaceoverCogZforbothfundamentaltasksrelatedto
ontologyalignmenti.e. mappingvalidationandaddition,andsupporttherelevant
hypotheses.
4.4.8 Open-endedFeedback
Participantswereaskedtoprovidetheirgeneralopinionaboutthefeaturesofthe
interface,andtheirsuggestionsforfutureimprovements.Alofthefeedbackprovided
bytheparticipantswereaboutthevisualrepresentationandinteractiontoolsofthe
CogZ-einterface.Ingeneral,thecommentswereoveralpositiveaboutthesystems
andtaskswithsomecriticism.FortheCogZ-einterface,thegeneralconsensuswas
thatitisusefulandhelpfulforthemappingvalidationandadditiontasks.Itisa
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normalpracticetoqualitativelydefineindividualparticipantsandtheircomments
ratherthanquantifyingthemandtryingtofitthemintoagroup.Sincethedata
obtainedwasqualitative,participantnumbersarespecificalymentionedagainsttheir
opinioninthefolowingparagraphstoclearlydefinethatdifferentparticipantsgave
differentopinions.
ParticipantsappreciatedthegroupingofmappinginformationwithCogZ-ein
comparisontoCogZ,andtheinteractionmechanismsprovidedforthebundleinter-
action.Itwasmentionedthathavingthegroupsof(mostlikelyrelated)mappings
withinbundles,alowedthemtoviewandmakeeffectivedecisionseasily.Itwassaid
thatbundlingincreasesfocusingability,providesoverview,createsaneatinterface,
andhelpsinquicklyvalidatingrelevantmappings(participantnos.4,7,9,and14).
Furthermore,theabilitytovalidatemultiplemappingsatoncewashighlyacknowl-
edged(participants12and17).Itwassaidthatthisfeaturegreatlyincreasesthe
efficiencyofthesystemandincreasestheuser’soveralproductivity.Fewparticipants
alsomentionedthattheylikedthecolorencodingschemeusedforedgestoreflect
differentstatesofthemappingandforthemappinghighlightfeature(participants4
and17).
Forthemappingadditiontasks,theoveralresponseswerepositive.Participants
numbers5,12,16,and20mentionedthatitiseasiertofolowandhighlightsthe
areasforpotentialnewmappings,whichalowsbettersearchingstrategyforfinding
potentialconceptscomparedtothetop-downorrandomscanningapproach.However,
someparticipantsmentionedthattherequirementofextrabundleinteractionbefore
additionoftheconceptistroublesomeandseemsunnecessary(participantnos.4,10,
12and16).Itwasalsomentionedthatrequiredrepetitionofdisambiguationsteps
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tofolowaninterestingmappingthatishiddenwithinbundles,createshurdlesin
conductingthemappingadditiontasks(participantnos.4and10).Someparticipants
alsoindicatedthatformappingadditiontasks,thedifficultylevelwithbothsystems
wassimilar,andCogZ-eprovidesnosignificantadvantageintermsofreducingthe
difficultyassociatedwiththistasks.
4.4.9 Think-aloudProtocolFindings
Duringthestudyparticipantswereencouragedtofolowthethink-aloudprotocol.
Duringwhichitwasobserved,thatparticipantswereabletoeffectivelyuseCogZ-
e’sfeaturesforbothtypesoftasksingeneral. Morespecificalyforthevalidation
tasks,participantswereveryquickincompletingtheirtasksandwereclearlyac-
knowledgingthebenefitsandeaseofthistaskusingCogZ-e.Foradditiontasks,it
wasobservedthatparticipantswerehavingdifficultyindealingwiththeinteraction
overheadandwerenotpleasedbytherequirementofcontinuousdisambiguationof
mappinginformation.
Someoftheparticipantsprovidedsuggestionstoimprovethesystem.Itwas
mentionedthattherequirementofkeepingtheAltkeypressedtoviewmappings
needstoremoved,anditcanbelimitedtoonlywhentheuserwantstoworkon
themappings.Inaddition,itwasmentionedthatanundobuttonforreversingany
mappingvalidationandadditiondecisioncanbeuseful.Furthermore,improvingthe
overalcurvatureofbundleswil maketheinterfacemorevisualyappealinganduser
friendly.
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4.5 Discussion
Toevaluatethepotentialbenefitsanddrawbacksofedgebundling(CogZ-e)inthe
contextofontologymappingvisualizationcomparedtoabaselinesystem(CogZ),a
userstudywasconductedinacontroledsetting.Inaddition,theinterfacedesign
decisionsincorporatedwithinCogZ-ewereexamined.Thisstudywasalsodesigned
tominimizeanypotentialeffectsofbiasbyvaryingtheorderoftheinterfaceexposure
alongwiththeorderofthetestontologydatasetstotheparticipants.
Forthegiventasks,acontextwasprovidedtoparticipantstoensuretheirac-
tiveengagementwithintheprocessandtomimictheactualconditionsasmuchas
possible. Minimumrelevantbackgroundwasensuredbyrecruitingparticipantsfrom
thecomputerscience,engineering,andbusinessadministrationdepartmentsofthe
university.Inaddition,tofurtherensurethateveryparticipanthasabaselineunder-
standingofthebasicconceptsassociatedwiththestudyaswelastheoveralproblem
domain,abrieftrainingsessionwasconductedpriortobeginningofthestudy.
Itwasanticipatedthatparticipantswouldbefamiliarwiththedomainareas
usedforthestudyi.e.,universityandacademicconference,sincetheybelongtothe
communityofstudentsataseniorlevelandtheyfrequentlyinteractwiththeseareas
directlyorindirectlyintheirdailylife.Asexpected,theleveloffamiliarityasasked
inthetaskquestionnaireamongparticipantswiththesedomainareaswasfoundto
beequivalent.Therefore,thefamiliaritywiththedomainsofontologydatasetswas
expectedtohavenosignificantnegativeorpositiveeffectontheoutcomesofthe
study.
Tocomparedifferentaspectsofthetwointerfaceswhileperformingthetwofun-
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Table4.12:Summaryofthevalidationresultsofthehypothesesforbothtypeof
ontologyalignmenttasks.
ResultsCogZ-e(withbundling)Vs. CogZ(withoutbundling)
No. Hypotheses Finalresults
H1.1 Userswil takelesstimewithCogZthanCogZ-e. Rejected∗
H1.2 Intermsofaccuracy,therewilnotbeanysignificantdifferencebetweenCogZandCogZ-e. Accepted
H1.3 TheperceivedlevelofdifficultyofagiventaskwilbemoreinCogZthanCogZ-e. Mixed
H1.4 Userswil belessconfidentintheirresultsafterusingCogZthanCogZ-e. Rejected
H1.5 Userswil reportthatCogZislessusefulthanCogZ-e. Accepted
H1.6 Userswil reportthatCogZissimilarineaseofusetoCogZ-e. Rejected∗
H1.7 Userswil preferCogZ-eoverCogZ. Accepted
H2.1 Userswil takelesstimewithCogZ-ethanCogZ. Rejected
H2.2 Intermsofaccuracy,userswilbemoreaccuratewithCogZ-ethanCogZ. Accepted
H2.3 TheperceivedlevelofdifficultyofagiventaskwilbelessinCogZ-ethanCogZ. Rejected
H2.4 UserswilbemoreconfidentintheirresultsafterusingCogZ-ethanCogZ. Rejected
H2.5 Userswil reportthatCogZ-eismoreusefulthanCogZ. Accepted
H2.6 Userswil reportthatCogZ-eissimilarineaseofusetoCogZ. Rejected∗
H2.7 Userswil preferCogZ-eoverCogZ. Accepted
*Theoutcomeisbetterthanexpected
damentaltasksofontologyalignment,thetimetotaskcompletionandaccuracyof
thedecisionswasmeasured,aswelasthesubjectivemeasuresabouttheperceived
difficultyoftasks,participants’confidenceovertheirresults,perceivedusefulnessand
easeofusewerealsorecorded.Thesummaryoftheresultsofthehypothesesforboth
typesoftasksisavailableinTable4.12.
Theanalysisoftimetotaskcompletionformappingvalidationtasksprovided
betterresultsthanexpectedforCogZ-e,implyingthattheinteractionoverheadcom-
paredtoCogZwasactualybeneficialandimprovedparticipants’timeefficiencyfor
taskcompletion.Usingbundling,thefacilityofbeingabletoviewandanalyzethe
subsetsofrelatedmappingseasilyandreadilyalongwiththeoptionofvalidating
multiplemappingsatonce,participantswereabletomakevaliddecisionswithspeed.
Theanalysisalsoindicatesthattheedgebundlingalowedparticipantstocomplete
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theirtasksfasterwiththesame100%accuracyasnon-bundling.Thesefindingsre-
gardingtheaccuracywerealsoexpectedsincethecoredatathatisrequiredtomake
thevalidationdecisionsisgeneratedusingthesameautomaticalignmentalgorithms
andhenceisthesameinbothsystems.
Throughopen-endedfeedback,itwasalsoconfirmedthattheparticipantswere
abletocompletevalidationtasksmorequicklywithmoreaccuracywithCogZ-ewas
mainlybecauseoftenrelatedmappingsweregroupedtogetherinabundlethathelped
theminmakingadecisionwithease,andthemultiplemappingvalidationoption.
ThisfeaturehadaclearadvantageoverCogZ,inwhichtheuserhastoselecteach
andeverymappingtoconfirmorrejectitwithoutmuchhelpintermsoforganization
ofthemappingresults.
Aspredicted,thetimetotaskcompletionforthemappingadditiontaskswas
similarwithbothinterfaces. ThemajorityofthefeedbackreflectedthatCogZ-e
providedanoverviewandabetterorganizationtomappingresultscomparedtoCogZ.
Inaddition,participantsappreciatedtheeffortofdiscouragingthefolowingofthe
traditionaltop-downorrandomsearchapproachtolookforpotentialconceptsin
CogZ-ecomparedtoCogZ,buttherequirementoftheadditionalinteractionrequired
todisambiguatethemappinginformationconsumedmoretime. Therefore,despite
providingabettermappingrepresentationandorganization,theextrainteraction
ledtosimilarresultswithregardstothetimeefficiencyofbothsystemsforthe
mappingadditiontasks.Itcanbeinferredthatformappingadditiontasksthe
benefitsversusthedrawbackswerebalancedoutintermsoftimetakenwithboththe
interfaces. Assuch,superiorityofanyinterfacecouldnotbedetermined.Interms
ofaccuracytheoutcomethatCogZ-eperformedbetterthanCogZfortheaddition
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tasks,wasconsistentwiththeexpectation.InCogZ-e,participantsreportedthat
theywereabletoeasilyfocusontheinterestingareas(thataremostlikelytocontain
thepotentialconceptsforaddition)astheywereautomaticalymadeprominentby
bundling.Thiscouldbethereasonparticipantsmademoreappropriateandaccurate
mappingadditiondecisionswithCogZ-ecomparedtoCogZ.
Itwasobservedthatmostoftheparticipantswerehavingdifficultyindealing
withthebundlinginteractionrequiredfortheadditiontasks. Thisinteractionwas
requiredtofirstviewcurrentmappingspresentwithinabundle,andthentoseethe
sourceanddestinationconceptsofamapping. Although,itseemsunnecessaryto
havetheparticipantgothroughthisinteractionforadditiontasks,itwasrequired
tokeeptheinterfaceconsistentintermsofthevisualrepresentationandinteraction
methodsprovidedtoconducttobothkindsoftasks.Changingthisconditiononlyfor
theadditiontask,couldintroduceothervariablesinthestudy,whichcanaffectactual
examinedconditionsorvariables,makingitdifficulttodrawanydefiniteconclusions
fromthestudyresults.
Anotherimportantaspectrelatedtomappingvalidationtaskistheperceiveddif-
ficultyassociatedwiththistask.Eventhoughtheresultsoftheperceiveddifficulty
areslightlymorepositiveforCogZ-eimplyingthatitoffersmodestadvantagein
termsofreducingperceiveddifficulty,theywerenotstatisticalysignificant.Simi-
larly,fortheperceivedconfidenceondecisionstakenforcompletingthegiventasks,
noimprovementbyusingCogZ-ewasverifiedbasedonstatisticalsignificancefor
validationtasks. Theplausiblereasonforthisisthatsincethecoredata(i.e.the
candidatemappingscomputedbyontologyalignmentalgorithm)isthesameinboth
systems,thereisasmalchanceofvalidatinganincorrectcandidatemapping,leading
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tonosignificantdifferenceintermsofperceivedconfidenceonresultsbetweenthe
twosystems.
Asfarastheconfidenceontheperceiveddifficultyandcorrectnessofactions
performedinataskisconcerned,therewasnosignificantdifferencefortheaddi-
tiontasks. Participants’feedbackwasslightlypositiveforbothmeasurestowards
CogZ-e,however,theseresponseswerenotstatisticalysignificant. Thisresultwas
contrarytowhatwasexpected.SinceCogZ-ehighlightsprominentareaswithinthe
existingmappingset,itwasanticipatedthatthiswilresultinareductioninthe
perceiveddifficultyassociatedwiththeadditiontaskbydefault,andwouldincrease
participants’confidenceontheirmappingadditiondecisions. However,duetothe
interactionoverheadwithCogZ-eoutweighedthebenefitsofstructureprovidedby
bundlingandledtotheseresults. Consequently,therelevanthypothesescouldnot
bevalidated.
Thecomparativeresponsesabouttheperceivedusefulnessandeaseofuseregard-
ingthetwosystems,revealedsomeinterestingresults.Sinceatthisstageparticipants
haveworkedwithbothinterfacesandperformedalthetaskswithbothontologysets,
theseresultspresentamoreaccurateilustrationoftheirexperienceduringthestudy.
Asanticipated,duetooveralbenefitsofbundlingforbothmappingvalidationand
additiontasks,participantsreportedthattheyfoundCogZ-emoreusefulforconduct-
ingthesetwofundamentalontologyalignmenttaskscomparedtothebaselinesystem.
Thisimpliesthattheprovidedstructuretothevalidationtasks,andtheaccentuation
ofpotentialareastofindmoreappropriatemappingsfortheadditiontasks,helped
participantsinconductingthesetasksandincreasedtheoveralusabilityofthesys-
tem.ParticipantsreportedthattheyfoundCogZ-eeasiertousecomparedtoCogZ,
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whichisbetterthantheexpectedresult.Itwasevidentthatasparticipantsbecome
morefamiliarwithbundlingrepresentationandinteractionoptions,theywereable
tousethemwitheaseforbothtypesoftasks.Thisresultedintheirpositivefeedback
regardingtheeaseofusemeasurefortheCogZ-esystemcomparedtothebaseline
system.Although,therewassomecriticismregardingtheinteractionoverheadposed
bybundling,overalsimilarpositiveresponseswerereportedforthemappingaddition
tasksaswel.Participantsappreciatedthegroupedinformationthatwasmademore
prominentinCogZ-e,whichhelpedtheminfindingpotentialconceptstocreatea
mappingwithmoreease.Therewasalsoageneralconsensusonthefactthatonce
theygetmoreaccustomedwithCogZ-e,theusefulnessandeaseofusemeasureswas
furtherincreasedwithtimeforbothtypesoftasks.Inaddition,theoveralpositive
benefitsprovidedbytheproposedsystemforbothtypesoftasks,themajority(92%
formappingverificationtasks,and83%formappingadditiontasks)ofparticipants
reportedthattheywouldpreferCogZ-eoverCogZ.Theresultsaboutthisprefer-
encewerealsostatisticalysignificant,andconsequently,therelatedhypotheseswere
supported.
Byanalyzingtheoveralresultsofthisuserstudy,itcanbeconcludedthatthese
resultsprovideempiricalevidenceregardingthepositiveimpactsofCogZ-eforthe
mappingvalidationandadditiontasks. Moreimportantly,itvalidatesthefunda-
mentalassumptionregardingthevalueofedgebundlingtoreducevisualclutteron
thescreeninthedomainofontologymappingrepresentation. Theresultsconfirm
thatparticipantswereabletointerprettherelationshipsbetweenthemappingseas-
ilywhen,throughtheedgebundlingprocess,themappingedgeswereplacednear
oneanotheranddrawnsimilartoeachother. ThesefindingsvalidatetheGestalt
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lawsofproximityandsimilarity,whichpredictthatwhenrelationshipsareenforced
usingproximityandsimilarity,theyareautomaticalyperceivedbyhumans.Inad-
ditiontounderstandingtheserelationshipsautomaticaly,participantswereableto
alsousethemeffectively,whichresultedinperformancegainintermsofspeedforthe
mappingvalidationtasks,andincreasedaccuracyforthemappingadditionstasks.
Theseresultsalsoconfirmsthebenefitoforganizinginformationasproposedbythe
categorizationtheory.Throughedgebundling,themappinginformationwascatego-
rizedandgrouped,whichhelpedtheparticipantsinprocessingtheinformationand
makingdecisionsmoreeffectivelyandeasily.Similarly,byprocessingtheclustersof
edgesinsteadofindividualedges,theeffectivemanagementoftheparticipants’lim-
itedworkingmemorywaspossible,whichreducedthecognitiveloadonparticipants,
whichhelpedtheminmakingdecisionsmorequicklyandaccurately.Inadditionto
thepositivefindingswithrespecttoefficiencyandaccuracy,theresultswerealso
favourableregardingtheperceivedusefulness,perceivedeaseofuseandpreference
forthebundlinginterfaceforbothtypesofontologyalignmenttasks.Theseresults
validatethesupportprovidedbydifferenttheoriesforthevalueofedgebundlingand
thenotionofusingbundlingforimprovingthevisualrepresentationofmappingson
ontologyalignmentinterfaces.
Eventhoughtheresultsoftheconductedstudyarepromising,andthemajor-
ityofparticipantsindicatedtheirpreferenceforCogZ-eoverCogZforbothtypesof
alignmenttasks,real-worldusemayresultinevenbetterorworseorthesamere-
sults.Sincethestudywascarriedoutinalaboratorysetting,thiskindofcontroled
environmentlimitstheabilityofparticipantstogetfamiliarwiththesystembeing
examined. Assuch,participantshadlimitedopportunitytobecomemoreskilful
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withtheedgebundlinggiventhelimitedtimeandotherconstraints.Inareal-world
scenario,actualusersmayhavenosuchconstraints,andtheycantakeasmuchtime
astheyneedtobecomemoreacquaintedwiththeproposedsystem.Theycanper-
formrealistictasksaccordingtotheirprofessionalrequirements,whichcanprovide
morevaluableinsightintotheperformanceandeffectivenessoftheinterface.There-
fore,thisevaluationcanbeconsideredapreliminarystudy. Amoredetailedstudy
withdifferenttypesandcomplexitylevelsofontologyalignmenttaskswithbigger
testontologydatasets,alongwithactualknowledgemanagersisrequired,todeduce
morestrongandgeneralizableconclusions.
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Chapter5
ConclusionsandFuture Work
Theprimaryobjectiveofthisresearchhasbeentoenhancetheknowledgemanager’s
experienceandperformancewhileconductingthetwofundamentalontologyalign-
menttasks(i.e.,themappingvalidationandmappingadditiontask).Intermsof
visualsupportprovidedbythecurrentontologyalignmentsystemsforconducting
thesetasks,themainissueisthepresenceofsignificantvisualclutterontheinterface
duetothecrossingsofmappingedges.Inthepresenceofthisvisualclutter,the
complexityofconductingontologyalignmentrelatedtasksincreases,andcompleting
thesecomplextasksbecomesharderforknowledgemanagers[67].
Withthegoalofreducingvisualclutterontheinterfaceoftheontologyalign-
mentsystem,anedgebundlingtechniquefromthedomainofgraphvisualizationwas
selected,modified,andimplementedtoimprovetherepresentationandorganization
ofontologymappingedges(Chapter3).Severalnewinteractionfeatureswerealso
developedforknowledgemanagerstoviewthemappingspresentwithinthebundles,
andsimultaneouslyconductmultiplemappingvalidations.Attheend,auserstudy
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wasconductedtoaddresstheresearchquestionregardingthebenefitsanddrawbacks
ofusingtheedgebundlingforthedomainofontologymappingrepresentation,and
inthecontextofontologyalignmenttasks(Chapter4).Theprimarycontributionsof
thisresearchandthepotentialfutureworkdirectionsarediscussedintheremainder
ofthisChapter.
5.1 ResearchContributions
Theprimarycontributionsofthisworkaretheapplicationofedgebundlingwithinan
ontologyalignmentinterfaceanditsevaluationinthecontextofsupportingthecore
ontologyalignmenttasks.Bothofthesecontributionsareexplainedinthefolowing
sections.
5.1.1 BundlingAlgorithm ModificationsandInteractionSup-
port
Throughthestudyofcommonlyusedontologyalignmentsystems,itwasidentified
thateffectivelymanagingthedisplayofalargenumberofontologymappingedgeson
thelimitedspaceavailableisconsideredanimportantissue[67].Apooranddisorga-
nizedrepresentationofmappingscanresultinasignificantdegreeofvisualclutter,
whichincreasesthecomplexityandthetimerequiredtocompletethetasks,result-
inginincreaseddifficultyforknowledgemanagerswhohavetorepeatedlyperform
suchontologyalignmenttasksusingtheseinterfacesforknowledgemanagement[67].
Inthisdirectionandasoneofthetheprimarycontributionofthisresearch,edge
bundlingwasappliedwithinanontologyalignmentinterfacetoaddresstheissueof
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visualclutter.Theedgebundlingreducesmappingedgecrossingsbyfirstgrouping
togetherindividualedgesintobundles,whichhastheeffectofreducingthepercep-
tionofedgecrossings(sincemultipleedgeswithinabundlewilproduceasingleedge
crossing).
Astheedgebundlingisprimarilyagraph-basedinformationvisualizationmethod,
thefundamentalresearchquestionwas,howcantheedgebundlingtechniquebeadopted
tothedomainofontologymappingrepresentation?Toaddressthisquestion,theedge
bundlingtechniquewasmodifiedandimplementedintwoparts.Thefirstpartcon-
tainedthechangesthatarerequiredtomeettheconstraintsoftheontologymapping
representationdomain,andthesecondpartprovidestheinteractionsupportthatis
requiredtoperformthemappingvalidationandadditiontaskswithbundles.
Thefirstpartwasimplementedinthreesteps:first,insteadofincorporating
theentiremappingedgeasinputforthesegmentation,onlythemiddlepartofthe
edgewasconsidered.Inotherwords,thedivisionofedgepartswaslimitedtothe
75%ofthelengthoftheedge.Second,ifanyoftheedge’ssourceordestination
conceptsarenotvisibleatpresent,thatedgeisnotshown,isflaggedasineligible
andtherefore,isexcludedfrombeingacandidateforanybundle.Finaly,duetothe
limitedscopeofmappingrepresentationwithinanontologyalignmentinterface,the
onlycompatibilitymeasure(providedbytheoriginalalgorithm)thatwasusedinthe
proposedsystemwasthepositioncompatibilitymeasurethatmajorlyaffectedthe
resultsofthebundling.
Oncethemappinginformationisgroupedtogetherbyedgebundlingandthe
overviewhasbeenobservedbyknowledgemanagerstodetermineanappropriate
startingpointtoconducttherelevantalignmenttask,themappinginformationneeds
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tobedisambiguatedandmappingsarerequiredtobeviewedindividualy.Therefore,
forthesecondpart,interactionfeatureswereprovidedtodisambiguatethemapping
informationcontainedinbundles,aswelastoconducttheontologyalignmenttasks.
First,thetool-tipfeatureofthebaselinesystemwasextendedtoworkwithbundles,
providinginformationaboutthemappingscontainedinthebundle. Thistool-tip
helpsknowledgemanagerstoquicklyviewthemappingsinsidethebundlesandde-
cidingwhichbundletheywanttostartvalidatingfirst.Second,oncetheknowledge
managersdecidetovalidatethemappingspresentinaparticularbundle,apop-up
windowwasprovidedwiththemappingdetailsanddifferentvalidationoptions.This
pop-upaidsinclearlyviewingthemultiplemappingspresentinthebundlewiththe
optionofvalidatingorrejectingmultiplemappingsatthesametime. Whilethepop-
upwindowisstilvisible,knowledgemanagersmayneedtoviewthelocationofa
mappinglistedinthepop-window.Inordertomeetthisrequirement,theselected
mappinginthepop-upwindowwashighlightedtohelptheknowledgemanagerto
quicklyidentifythelocationofthemappingandmakeamoreinformeddecision.
Dependinguponthecurrentstate,theselectedmappingwashighlightedusingdif-
ferentcoloursthatwerechosenbyfolowingtheOpponentProcessTheoryofColour
[57]thathelpsinselectionofsuchcoloursthatcanaidtheknowledgemanagerin
understandingthedifferentstatesofthemappings.
Differentinformationvisualizationtheoriesandprinciplesalongwithcognitive
theoriessupportthevalueofedgebundling. TheGestaltLawssupportthefunda-
mentalideathatisusedbyedgebundlingthatbyplacingthemappingedgesnear
oneanotheranddrawingthemsimilartoeachother,itwilhelpknowledgeman-
agersinautomaticalyperceivingtherelationshipsbetweenmappings.Theoverview
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oftheontologymappingsprovidedbyedgebundlingthroughcategorizationreduces
theamountofinformationtobeprocessedandreinforcestheexistenceoftherela-
tionshipsbetweenmappingspresentwithinabundle,whichmaybeadvantageousas
elaboratedbythecategorizationtheory.Inaddition,assupportedbythecognitive
loadtheory,thisorganizationalsoalowsefficientuseoftheknowledgemanager’s
cognitivememory,whichmayleadtoperformancegainsintermsofconductingthe
ontologyalignmenttasks. Edgebundlingalsoaidsinidentifyinginterestingareas
withinthesourceontologyfromwherealargenumberofmappingsoriginatebysim-
plyobservingthebundles.Folowingthebundles,itcanbeeasilydeducedwhichsets
ofconceptsinthesourceontologyhavesuccessfulyfoundtheircounter-partsinthe
targetontology.Knowledgemanagerscaneasilylocatetheseinterestingareas,which
mayhelpindiscoveringnewmappingsaswelasfindingamatchfortheunmapped
concepts.Inaddition,oncetheconceptsinthebundlesarevalidated,thesecanbe
ignoredandknowledgemanagerscanfocusonthemappingsthatappeartobelinked
tovastlydifferentareaswithintheontologies.
5.1.2 UserStudyFindings
Afterthemodificationofedgebundlingtomeettheconstraintsofontologymapping
representation,thesecondresearchquestionthatemergedwas,whatarethebenefits
anddrawbacksofusingedgebundlinginthecontextofontologymappingvalidation
andadditiontasks?Inordertoaddressthisquestion,auserstudywasconducted
tocomparetheperformanceoftheontologyalignmentsystemwithedgebundling
(CogZ-e)withtheonewithouttheedgebundlingcapability(CogZ)inacontroled
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laboratoryenvironment.
Theoutcomesofthestudyreflectdifferentaspectsofparticipants’performance
experienceswhileconductingthegiventasks.Theresultsofthisstudyshowthateven
thoughitwasanticipatedthatparticipantswiltakemoretimewithbundlingwhile
conductingvalidationtasks,insteadtheyperformedmuchbetterwithbundling.The
reasonforthisimprovementwastheabilitytoviewrelatedmappingsviathebundles,
andtheabilitytovalidatemultiplemappingsatonce. Forthemappingaddition
tasks,theexpectedoutcomeregardingthetimetakencouldnotbesupportedsince
participantstooksimilartimeswithbothinterfaces. AsexplainedinSection4.4.2,
participantswerehavingdifficultyinteractingwithbundlesfortheadditiontasks.
AlthoughtherewasnosuchissueinthecaseofCogZ,norelevantaidwasprovidedfor
conductingadditiontasks.Therefore,thisresultedincancelingoutanyperformance
gainedduetothedifferentbenefitsprovidedbybothsystemsagainsttheirrespective
limitations.
Bystudyingtheoutcomesofthisstudy,itcanbeconcludedthatthebundling
processhasthepotentialofimprovingtheknowledgemanager’scapabilitytocon-
duct mappingvalidationtasks moreefficientlyand mappingadditiontasks more
accurately.Italsoaffectspositivelyknowledgemanagers’subjectiveopinionsabout
theusefulnessandeaseofuseofusingedgebundlingcapableinterfacesforontology
alignmentsystemsforconductingbothtypesofontologyalignmenttasks.Although
thecorrespondinghypotheseswererejected,theseresultsarebetterthanexpected
confirmingthatparticipantsperformedbetterthanexpectedwiththeedgebundling
system.Thesepositivefindingshighlightthevalueofshowingthehigh-levelstruc-
tureofthemappingsviathebundles,andsimultaneouslyreducingthevisualclutter
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withintheinterface. Throughthevisualperceptionofsimilarityamongtheedges
andbundles,impressionsofrelationshipswereimplied.Thisinturnsupportedthe
cognitiveactivityoforganizingthemappings,providingguidancetothetasksand
reducedthecognitiveload.Althoughsuchbundlinghasthesideeffectofmakingit
difficulttoidentifythespecificsourceanddestinationconceptswithinabundle,this
problemwasmitigatedthroughaninteractivedisambiguationfeature.Overal,these
resultssupportthefundamentalhypothesisregardingthevalueofedgebundlingin
thecontextofontologymappingrepresentationandtheontologyalignmenttasks.
5.2 Future Work
5.2.1 FurtherImprovementoftheProposedSystem
Theresultsoftheuserstudysuggestthatparticipantsfoundtheedgebundlinguseful
andeasiertouseforbothtypesoftasks. However,theimprovementintermsof
timetakentocompletetheadditiontaskscouldnotbesupportedmainlyduetothe
extradisambiguationstepsrequiredtoseethemappingsinsidethebundle.Certain
improvementsintermsofinteractioncouldbedonetoimprovethissituation.For
example,therequirementofkeepingtheAltkeypressedtoviewtheextendedtool-
tipcanberemoved,andwhenparticipantswanttoworkonthebundle,onlythen
theypresstheAltkeytoseethepop-upwindowcontainingthemappingsinsidethe
bundle.Thiswilreducetheamountofinteractionrequirednotonlyforthemapping
additiontasksbutalsoforthevalidationtasks.
Similarly,otherinteractionfeaturescanbedevelopedformappingadditiontasks
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tofurtherimprovetheknowledgemanager’sperformance. Forexample,basedon
thebundlingresults,potentialareasforlocatingamatchforaselectedunmapped
conceptcanbemademoreprominentbyincreasingthetransparencyofotherparts
ofthesourceandtargetontologytrees.Inadditiontousingthetransparencytech-
nique,theseareascanbefurtherhighlightedbyusingdifferentcolours.Inaddition,
othervisualchannelssuchaslineshape,blackenedbordersetc.canbeusedtofor
disambiguatingmappingedges.Similarly,colourencodingslikehierarchicalparalel
coordinatescanbeusedtohelpresolvingmappinginformationthatishiddendueto
thebundlingprocess.Thismayalowtheknowledgemanagertoprocessthisinfor-
mationeasily,andfindtherelevantmatchfortheselectedunmappedconceptmore
quickly.
Intermsofusingconsistentcolours,itwasaviableoptiontousethesamecolour
forthetooltipaswelasontheinterfacetorepresentconfirmedmappings.Inaddition,
usageofthebluecolourwilfurtherimprovetheconsistencyofthecurrentapproach
withitspredecessor.Sincethesetooltipsareshownovertheareawherealkindsof
mappingswithdifferentcoloursareshownincludingtheconfirmedmappingsinthe
bluecolour,theideawastouseadifferentcolourtoreflectthisfactinthetooltip.
Therefore,theboldfontwithredcolourinthetooltiphelpsinclearlyidentifyingthe
confirmedmappingsfromthecandidatemappings.
However,ifthebluecolourwasalsousedtoshowdetailabouttheconfirmed
mappingsinthetooltip,therewasachancethattheusermighthaveanincreased
difficultyinseeinganddistinguishingblueoverbluecomparedtoseeingredoverblue.
However,forfutureresearch,basedonthecolourtheory,differentcolourscanbeused
torepresentdifferententitiesintheapproach,andtheiradvantagescanbeevaluated
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byperformingamoredetaileduserstudywithprimefocusontheusageofcoloron
theperformanceofontologyalignmenttasksofknowledgemanagers.
5.2.2 StudyofDifferentFactorsAffectingtheBundlingQual-
ity
Sincethetestontologydatasetsusedforthisstudyweresimilarintermsofcharac-
teristicsi.e.(thenumberofconcepts,hierarchicaldepth,andcomplexity),itcould
bebeneficialtoalsotesttheedgebundlingusingontologieswithdifferentcharacter-
istics.Furthermore,studyinghowdifferentsizesofontologiesanddifferentsizesof
mappingsets(producedafteranalignmentprocess)affecttheoveralbundlingqual-
ity,andthenevaluatingthepotentialbenefitsanddrawbacksofusingedgebundling
fortheseontologies,canbeadvantageous.Examiningtheseparameterswilprovide
furtherinsightintothevalueoftheedgebundlinginthecontextofontologymapping
representationandhowitaffectstheperformanceoftheknowledgemanagerswhile
conductingtheontologyalignmenttasks.
AsdiscussedinSection3.2.2,theonlyedgecompatibilityapplicableandusedfor
thepurposesofthisresearchwasthepositioncompatibilitymeasure.Theotheravail-
ablecompatibilitymeasuresthatwerenotusedforbundlingwerespecifictographs
andprovidedlittleeffectontheoveralbundlingresultsforontologymappingrepre-
sentationdomain.Sincenoneofthesecompatibilitymeasuresconsidertheproperties
ofthesourceandtargetontologies,theexplorationanddevelopmentofotheredge
compatibilitymeasuresthattakeintoaccountfeaturesoftheontologiesthemselves
suchasthesemanticdistancebetweenconceptswithinthesourceanddestination
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ontologiescanbehelpful.
Theedgebundlingprocesswasappliedtothedefaultorderofsourceandtarget
ontologiesprovidedbythebaselinesystemwithoutanyalteration.Sincetheorderof
conceptswithintheontologieseffectsthelocationofthemappingedges(whicheffects
thebundlingresults),thisresearchdimensioncanalsobeexploredandstudiedtofind
anypotentialorderingwithinthesourceandtargetontologiesthatcanimprovethe
bundlingresults.Byusinganddevelopingedgecompatibilitymeasuresthatconsider
thefeaturesandpropertiesofthesourceandtargetontologiesalongwiththestudying
oftheeffectsofentityorderingwithintheontologiesonthebundlingquality,ahybrid
approachcanbedevelopedthatcombinesontologyorganizationwithedgebundling
thatmayproducefurtherbetterresults.
5.2.3 FurtherEvaluations
Forthisresearch,theevaluationoftheCogZ-esystemwasconductedinacontroled
laboratoryenvironment.Theselaboratorystudiesareusefulforresearcherstocontrol
theinfluenceofothernon-relevantvariablesonthestudy,alowsfocusingonevaluat-
ingspecificfeaturesofthesystembeingexamined,andfacilitatingamoreaccurate
anddirectcomparison[11].However,theoutcomesofsubjectivemeasuresasaresult
ofperformingsuchstudiesareobtainedthroughasmalnumberofparticipantsand
pre-definedtasks,whichlimitsitsscopeandabilitytoconcludemoregeneralizable
results.Therefore,otherevaluationmethodsmaybeusefultogaininsightintothe
potentialbenefitsanddrawbacksofthesystemonotherinterestingcognitivemea-
surese.g,learningandcognitiveloadoftheknowledgemanagers.Furthermore,the
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studycanbeextendedtoevaluatethedifferentaspectsofthesystem,andbyalsoma-
nipulatingotherimportantvariablese.g.,differentsizesofontologies,differentsizes
ofmappingsets,anddifferentordersoftheontologytrees.
Furthermore,theCogZ-esystemcanbetestedinrealworldscenariosthrough
fieldtrials.Inthisway,thesystemcanbeevaluatedbyactualknowledgemanagers
performingrealtaskswithrealontologydatasets.Theoutcomesofsuchstudymay
providemorefirmevidenceregardingthespecificandoveralperformanceofthe
systemandknowledgemanagersconductingthealignmenttasksusingthesystem,
whichcanbeusedtobringfurtherimprovementstothesystem.
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AppendixA
UserStudy
ThisappendixincludestheformalapprovalreceivedfromtheInterdisciplinaryCom-
mitteeonEthicsinHumanResearch(ICEHR)fortheuserevaluation,theextension
oftheapproval,andtheuserstudydocuments.
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Informed Consent Form 
Title: A comparison of unbundled and bundled edges in the context of ontology alignment 
software 
Researcher: Muhammad Nasir, Dept. of Computer Science, Memorial University of Newfoundland; 
muhammad.nasir@mun.ca 
You are invited to take part in a research project entitled “A comparison of straight edges and edge 
bundling in the context of ontology alignment software”. 
My name is Muhammad Nasir and I am a graduate student in Computer Science. As part of my Master’s 
thesis, I am conducting research under the supervision of Dr. Hoeber and Dr. Evermann. 
This form is part of the process of informed consent. It should give you the basic idea of what the 
research is about and what your participation wil involve. It also describes your right to withdraw from 
the study at any time. In order to decide whether you wish to participate in this research study, you 
should understand enough about its risks and benefits to be able to make an informed decision. This is 
the informed consent process. Take time to read this carefuly and to understand the information given 
to you. Please contact the researcher, Muhammad Nasir, if you have any questions about the study or 
for more information not included here before you consent. 
It is entirely up to you to decide whether to take part in this research. If you choose not to take part in 
this research or if you decide to withdraw from the research once it has started, there wil be no 
negative consequences for you, now or in the future. 
The user study wil help in analysing the value of visualization techniques for the ontology alignment 
domain. The primary objective of this study is to determine the benefits of the edge-bundling technique 
to ontology mapping tasks. Also it wil help in making the studied technique beter and more efective, 
by understanding the feedback you provide while conducting the study. 
An ontology is a formal representation of knowledge about a domain. It is composed of sets of concepts 
and their relationships within a domain. Today, many ontologies overlap in content and diferent 
ontologies exist for similar domains. In order for such domains to interact efectively with each other, 
the ontologies representing them need to be aligned. 
In this study, you wil be asked to complete a training task as wel as four mapping related tasks using 
two diferent ontology mapping software interfaces and two diferent pairs of ontologies. You wil be 
given a description of the source and target ontologies and information about the mappings that you 
are to verify. You wil then be asked to perform this verification task using the assigned interface, 
folowed by an adding task where you can add additional mappings based on your understanding of the 
ontologies. 
Your activities during the study wil be video and audio recorded (over your shoulder, focusing on the 
computer screen, keyboard, and mouse), and you wil be asked to explain what you are doing and what 
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you are thinking while performing the tasks. Three diferent sets of questionnaires wil be administrated 
in this study: a pre-study questionnaire to ask about your ontology and knowledge representation 
experience, in-study questionnaires folowing each task, to assess your familiarity level with the domain 
of ontologies being used, to evaluate your confidence level of the results while performing each task, as 
wel as your experience regarding the level of task dificulty, and a post-study questionnaire to capture 
your feelings and experiences with using the interfaces. In the end, a debriefing session wil be 
conducted to ask about your general comments about the interfaces.  
In a nutshel, you wil be required to perform the training task, two mapping verification tasks, two 
mapping addition tasks, and answer pre-task, in-task, and post-task questionnaires. These activities wil 
require approximately 60 minutes of your time, and wil be conducted in the User Experience Lab in the 
Department of Computer Science at Memorial University. 
You wil be compensated $10 for participation in this study, regardless of your performance or ability to 
complete the tasks. Participation in this could be a great experience for you in terms of studying and 
observing research methods in practice. This might help you in improving your own research (at present 
or in the future). Given the importance of ontologies and ontology alignment research, the results of this 
study wil provide empirical evidence regarding the benefits of using the edge-bundling techniques as a 
novel way of organization of the mappings results. 
You can withdraw your participation in this study at any time, and your decision to participate in this 
study, and your subsequent involvement in it, wil have absolutely no bearing on any other dealings you 
have with Mr. Nasir, Dr. Hoeber, or Dr. Evermann. 
Knowledge of your identity is not required. You wil not be asked to write your name or any identifying 
information on the research questionnaires. The video and audio recordings wil be used for analysis 
purposes and the comments you make relevant to the assigned tasks or to the use of the software wil 
be transcribed and identified only using a participant ID. The original raw data wil only be accessed by 
the investigators (Mr. Nasir, Dr. Evermann, or Dr. Hoeber). Al research materials wil be held 
confidential by the Principle Investigator and kept in a secure on-campus location and on password-
protected computers for a period of five years, after which it wil be destroyed in accordance with 
University policy. 
The proposal for this research has been reviewed by the Interdisciplinary Committee on Ethics in Human 
Research and found to be in compliance with Memorial University’s ethics policy. If you have ethical 
concerns about the research (such as the way you have been treated or your rights as a participant), you 
may contact the Chairperson of the ICEHR at icehr@mun.ca or by telephone at 709-864-2861. 
The results of the user study wil be used for analysis and discussion in Mr. Nasir’s M.Sc. thesis as wel as 
in conference and/or journal publications. You are welcome to study the results after they have been 
published. You can obtain copies of the results in this study, upon completion, by contacting Dr. Hoeber, 
in care of the Department of Computer Science, Memorial University. 
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You are welcome to ask questions at any time during your participation in this research. If you would 
like more information about this study after its completion, please contact: Muhammad Nasir at 
muhammad.nasir@mun.ca. 
Consent: 
Your signature on this form means that: 
 You have read the information about the research. 
 You have been able to ask questions about this study. 
 You are satisfied with the answers to al your questions. 
 You understand what the study is about and what you wil be doing. 
 You understand that you are free to withdraw from the study at any time, without having to 
give a reason, and that doing so wil not afect you now or in the future. 
 You understand that should you choose to withdraw from the study, any data colected from 
you up to this point wil be deleted/destroyed. 
 
If you sign this form, you do not give up your legal rights and do not release the researchers from their 
professional responsibilities. 
 
Your signature: 
I have read and understood what this study is about and appreciate the risks and benefits. I have had 
adequate time to think about this and had the opportunity to ask questions and my questions have been 
answered. 
 I agree to participate in the research project understanding the risks and contributions of my 
participation, that my participation is voluntary, and that I may end my participation at any time. 
 
A copy of this Informed Consent Form has been given to me for my records. 
 
Participant Name (please print legibly):   _____________________________ 
Signature :     _____________________________ 
Date  :     _____________________________ 
 
Researcher’s Signature: 
I have explained this study to the best of my ability. I invited questions and gave answers. I believe that 
the participant fuly understands what is involved in being in the study, any potential risks of the study 
and that he or she has freely chosen to be in the study. 
 
 
 ______________________________    _____________________________ 
Signature of Principal Investigator      Date 
 
Investigators: 
Mr. Muhammad Nasir 
M.Sc. Student 
Department of Computer Science 
Memorial University 
muhammad.nasir@mun.ca 
 
Dr. Orland Hoeber 
Assistant Professor 
Department of Computer Science 
Memorial University 
hoeber@mun.ca 
 
Dr. Joerg Evermann 
Associate Professor 
Faculty of Business Administration 
Memorial University 
jevermann@mun.ca 
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Introduction to Ontologies and training material 
Introduction: 
Ontology is a formal representation of knowledge about a domain. It is composed of sets of 
concepts and their relationships within a domain. It defines the terms used to describe and 
represent an area of knowledge. They have become a popular way of sharing and re-using 
knowledge among academia and industry.  
Example: University-domain Ontology 
A university is an institution of higher education and research, which grants academic degrees 
in a variety of subjects. A university is a corporation that provides both undergraduate 
education and postgraduate education.  The word university means "community of teachers 
and scholars." Members are usualy students, staf, faculty members and others. One of the 
pictorial representations of university ontology is shown below. 
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Ontology Issues : 
Many ontologies now-a-days over lap in content.  Diferent ontologies exists for similar 
domains. The common issues are language ambiguities (same term but diferent meanings) etc. 
For two domains to interact with each other their underlying ontologies needs to aligned.  
Ontology Alignment : 
Ontology alignment is the process of determining correspondences between concepts among 
two diferent ontologies.  A mapping or link is created when two concepts in two diferent 
ontologies, are found to be similar to each other. 
 
 
Concept ‘reservationNumber’ in Ontology A (source) is similar to concept ‘recordLocator’ in 
Ontology B (target) therefore a mapping link can be created among them.  The green curve 
shows the mapping link. 
Commonly, ontology mappings are produced by an ontology alignment system at hand and the 
user has to verify them.  Due to complex nature and significant size of current ontologies, these 
systems produce a large number of candidate mappings. This results into a visual mess and the 
user has to deal with.  This study intends to examine the efects of using a visual technique 
edge-bundling in mapping visualization.  Edge-bundling technique helps in visualy organizing 
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the mappings.  It wraps up the mappings which share a part of their pathway between the 
source and target ontology, thus forming a bundle.  To fuly understand the nature of this 
study, the folowing sample tasks which wil be performed prior to the actual study. This wil 
aid in understanding the nature of the problem as wel as wil provide a realistic scenario as 
being faced by a data manager. 
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Training Ontology Domain = General things 
 
 
Task Scenario 1 – Locate data relationships 
 
You have been provided with a two diferent ontologies which relate to the cooking and 
recreational domain. Imagine you are an ontology merging expert and want to find which data 
elements in the source ontology are linked or related to another element in the target 
ontology.  
Your tasks are as folows: 
1. Find any three (3) data nodes in source ontology and their links to other elements in 
target ontology as wel as their mapping relation by using the CogZ interface.  
For example: Data element in source ontology (O1) is “Internet” and it relates to 
another element “Internet” (via a line) in target ontology (O2) and the relation is 
equivalent then the mapping would be O1: Internet _=_ O2: Internet 
Identify those and indicate them to the evaluator. 
 
___ 
___ 
___ 
 
 
 
In-Task Questionnaires 
 
1. How confident are you in your finding of mapping links for this task? 
1 2 3 4 5 
(Very confident)  (Neutral)  (Very unconfident) 
 
2. How dificult did you find it to complete this task? 
1 2 3 4 5 
(Very easy)  (Neutral)  (Very dificult) 
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Task Scenario 2 – Locate data relationships 
 
You have been provided with a two diferent ontologies which relate to the cooking and 
recreational domain. Imagine you are an ontology merging expert and want to find which data 
elements in the source ontology are linked or related to another element in the target 
ontology.  
Your tasks are as folows: 
1. Find any three (3) data nodes in source ontology and their links to other elements in 
target ontology as wel as their mapping relation by using the CogZ-e interface.  
For example: Data element in source ontology (O1) is “United Kingdom” and it relates 
to another element “United Kingdom” (via a line) in target ontology (O2) and the 
relation is equivalent then the mapping would be O1: United Kingdom _=_ O2: United 
Kingdom 
Identify those and indicate them to the evaluator. 
 
___ 
___ 
___ 
 
 
 
 
 
In-Task Questionnaires 
 
1. How confident are you in your finding of mapping links for this task? 
1 2 3 4 5 
(Very confident)  (Neutral)  (Very unconfident) 
 
2. How dificult did you find it to complete this task? 
1 2 3 4 5 
(Very easy)  (Neutral)  (Very dificult) 
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Task Scenario 3 – Create a mapping link 
Imagine you are an ontology domain expert and want to add any mappings between the source 
and target ontology concepts, which the alignment algorithm has missed.  Find any two 
concepts in the given source and target ontologies that you believe should be mapped and 
create a mapping link between them using the CogZ interface. Write the names of the source 
and target ontology concept as wel as the nature of relationship you have created among 
them. Add any two mappings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In-Task Questionnaires 
 
 
1. How confident are you in adding a mapping for this task? 
1 2 3 4 5 
(Very confident)  (Neutral)  (Very unconfident) 
 
2. How dificult did you find it to complete this task? 
1 2 3 4 5 
(Very easy)  (Neutral)  (Very dificult) 
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Task Scenario 4 – Create a mapping link 
Imagine you are an ontology domain expert and want to add any mappings between the source 
and target ontology concepts, which the alignment algorithm has missed.  Find any two 
concepts in the given source and target ontologies that you believe should be mapped and 
create a mapping link between them using the CogZ-e interface. Write the names of the source 
and target ontology concept as wel as the nature of relationship you have created among 
them. Add any two mappings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In-Task Questionnaires 
 
 
1. How confident are you in adding a mapping for this task? 
1 2 3 4 5 
(Very confident)  (Neutral)  (Very unconfident) 
 
2. How dificult did you find it to complete this task? 
1 2 3 4 5 
(Very easy)  (Neutral)  (Very dificult) 
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Pre-study questionnaire and user study tasks 
Pre-Study Questionnaire 
Please answer the folowing questions in regards to your background. Circle the answer that best 
describes you or your opinion. 
1. Have you ever taken any ontology development and/or knowledge representation course? 
 
Yes No 
 
2. What is your area of research/focus (if any)? 
 
________________________________ 
 
3. How confident are you about your knowledge regarding ontologies? 
1 2 3 4 5 
(Very confident)  (Neutral)  (Not at al confident) 
 
 
4. Have you used any structure or database or ontology mapping/matching system before (for e.g., 
COMA++, SMatch, Protege, Anchor-Prompt)? 
 
Yes  No  Don’t know 
 
 
 
 
 
 
 
 
 
 
Participant ID: 
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User Study Tasks 
Task 1:  Verification of mappings with CogZ 
Imagine you are a data manager in a department of a data mining company which deals with the data 
integration. You have been hired to map two ontologies to each other which represent the domain of 
an academic conference. The mappings have already been computed and presented to you. Your task 
is to verify any 5 of the 15 mappings shown to you. Tel the instructor clearly which mapping you 
confirm, which mapping you believe should be removed and why they should be confirmed or removed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In-Task Questionnaires 
 
1. How familiar are you with the academic conference domain? 
 
1 2 3 4 5 
(Very familiar)  (Neutral)  (Very unfamiliar) 
 
2. How confident are you that the mappings you have verified for this task are correct? 
 
1 2 3 4 5 
(Very confident)  (Neutral)  (Not at al confident) 
 
3. How dificult did you find it to complete this task? 
1 2 3 4 5 
(Very easy)  (Neutral)  (Very dificult) 
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Task 2:  Add a mapping with CogZ 
Imagine you are a data manager in a department of a data mining company which ofers services for 
data integration. You have been hired to map two ontologies to each other which represent the domain 
of an academic conference. The mappings have already been computed and presented to you. This time 
your task is to add a mapping link between two concepts which you believe are similar to each other 
and the mapping link is missing between them. Please add 5 any mappings that you feel are missing and 
tel the instructor why the mapping should be added. 
 
 
 
 
 
 
 
 
In-Task Questionnaires 
 
1. How familiar are you with the academic conference domain? 
 
1 2 3 4 5 
(Very familiar)  (Neutral)  (Very unfamiliar) 
 
2. How confident are you that the mappings you have added for this task are correct? 
 
1 2 3 4 5 
(Very confident)  (Neutral)  (Not at al confident) 
 
3. How dificult did you find it to complete this task? 
1 2 3 4 5 
(Very easy)  (Neutral)  (Very dificult) 
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Task 3:  Verification of mappings with CogZ-Extended (CogZ-e) 
Imagine you are a data manager in a department of a data mining company which ofers services for 
data integration. You have been hired to map two ontologies to each other which represent the domain 
of an university. The mappings have already been computed and presented to you. Your task is to verify 
any 5 of the 15 mappings shown to you. Tel the instructor clearly which mapping you confirm, which 
mapping you believe should be removed and why they should be confirmed or removed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In-Task Questionnaires 
 
1. How familiar are you with the university domain? 
 
1 2 3 4 5 
(Very familiar)  (Neutral)  (Very unfamiliar) 
 
 
2. How confident are you that the mappings you have verified for this task are correct? 
 
1 2 3 4 5 
(Very confident)  (Neutral)  (Not at al confident) 
 
3. How dificult did you find it to complete this task? 
1 2 3 4 5 
(Very easy)  (Neutral)  (Very dificult) 
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Task 4:  Add a mapping with CogZ-Extended (CogZ-e) 
Imagine you are a data manager in a department of a data mining company which ofers services for 
data integration. You have been hired to map two ontologies to each other which represent the domain 
of a university. The mappings have already been computed and presented to you. This time your task is 
to add a mapping link between two concepts which you believe are similar to each other and the 
mapping link is missing between them. Please add 5 any mappings that you feel are missing and tel the 
instructor why the mapping should be added. 
 
 
 
 
 
 
 
 
 
 
 
 
 
In-Task Questionnaires 
 
1. How familiar are you with the university domain? 
 
1 2 3 4 5 
(Very familiar)  (Neutral)  (Very unfamiliar) 
 
2. How confident are you that the mappings you have added for this task are correct? 
 
1 2 3 4 5 
(Very confident)  (Neutral)  (Not at al confident) 
 
3. How dificult did you find it to complete this task? 
1 2 3 4 5 
(Very easy)  (Neutral)  (Very dificult) 
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POST-TASK QUESTIONNAIRE 
 
The folowing set of questions relate to your experiences using CogZ and CogZ-e as your interface for ontology 
mapping verification tasks.   
 
INSTRUCTIONS: Please answer the folowing questions by circling the option that you feel is appropriate. 
 
For Mapping Verification Tasks 
 
Question Please circle only one in each row 
Which interface enabled you to accomplish the 
mapping verification task more quickly? CogZ CogZ-e 
They are  
the same 
Which interface improved your mapping 
verification performance? CogZ CogZ-e 
They are  
the same 
Which interface increased your mapping 
verification productivity? CogZ CogZ-e 
They are  
the same 
Which interface enhanced your efectiveness 
when performing mapping verification? CogZ CogZ-e 
They are  
the same 
Which interface made it easier to verify 
mappings? CogZ CogZ-e 
They are  
the same 
Which interface did you find more useful for 
mapping verification? CogZ CogZ-e 
They are  
the same 
 
 
Question Please circle only one in each row 
Which interface did you find easier to learn to 
operate? CogZ CogZ-e 
They are  
the same 
In which interface you find it easier to get the 
system to do what you wanted it to do? CogZ CogZ-e 
They are  
the same 
With which interface was your interaction more 
clear and understandable? CogZ CogZ-e 
They are  
the same 
Which interface did you find to be more flexible 
to interact with? CogZ CogZ-e 
They are  
the same 
With which interface was it easier for you to 
become skilful in using its features? CogZ CogZ-e 
They are  
the same 
Which interface did you find easier to use? 
 CogZ CogZ-e 
They are  
the same 
 
INSTRUCTIONS: Please rate how strongly you agree or disagree with each of the folowing statements by circling 
the appropriate number. 
 
Question Please circle only one in each row 
How dificult was it to verify mappings with 
CogZ? 
1 
Very 
easy 
2 
Easy 
3 
Neutral 
4 
Dificult 
5 
Very 
dificult 
How dificult was it to verify mappings with  
CogZ-e? 
1 
Very 
easy 
2 
Easy 
3 
Neutral 
4 
Dificult 
5 
Very 
dificult 
 
Note: 
CogZ  without bundling  
CogZ-e  with bundling 
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POST-TASK QUESTIONNAIRE (CONTINUE) 
 
The folowing set of questions relate to your experiences using CogZ and CogZ-e as your interface for ontology 
mapping addition tasks.   
 
INSTRUCTIONS: Please answer the folowing questions by circling the option that you feel is appropriate. 
 
For Mapping Addition Tasks 
 
Question Please circle only one in each row 
Which interface enabled you to accomplish the 
mapping addition task more quickly? CogZ CogZ-e 
They are  
the same 
Which interface improved your addition 
performance? CogZ CogZ-e 
They are  
the same 
Which interface increased your mapping addition 
productivity? CogZ CogZ-e 
They are  
the same 
Which interface enhanced your efectiveness 
when performing mapping addition? CogZ CogZ-e 
They are  
the same 
Which interface made it easier to add mappings? 
 CogZ CogZ-e 
They are  
the same 
Which interface did you find more useful for 
mapping addition? CogZ CogZ-e 
They are  
the same 
 
 
Question Please circle only one in each row 
Which interface did you find easier to learn to 
operate? CogZ CogZ-e 
They are  
the same 
In which interface you find it easier to get the 
system to do what you wanted it to do? CogZ CogZ-e 
They are  
the same 
With which interface was your interaction more 
clear and understandable? CogZ CogZ-e 
They are  
the same 
Which interface did you find to be more flexible 
to interact with? CogZ CogZ-e 
They are  
the same 
With which interface was it easier for you to 
become skilful in using its features? CogZ CogZ-e 
They are  
the same 
Which interface did you find easier to use? 
 CogZ CogZ-e 
They are  
the same 
 
INSTRUCTIONS: Please rate how strongly you agree or disagree with each of the folowing statements by circling 
the appropriate number. 
 
Question Please circle only one in each row 
How dificult was it to find potential concepts for 
addition of a mapping with CogZ? 
1 
Very 
easy 
2 
Easy 
3 
Neutral 
4 
Dificult 
5 
Very 
dificult 
How dificult was it to find potential concepts for 
addition of a mapping with CogZ-e? 
1 
Very 
easy 
2 
Easy 
3 
Neutral 
4 
Dificult 
5 
Very 
dificult 
 
Note: 
CogZ  without bundling  
CogZ-e  with bundling 
Note: 
CogZ  without bundling  
CogZ-e  with bundling 
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POST-TASK QUESTIONNAIRE (CONTINUE) 
 
Please rank your mapping verification interface preference (order from 1 to 2):  
____________ CogZ 
____________ CogZ-e (with Edge-bundling) 
 
Please rank your mapping addition interface preference (order from 1 to 2):  
____________ CogZ 
____________ CogZ-e (with Edge-bundling) 
 
 
Please make any other comments about the ontology mapping verification and/or mapping addition 
interface. 
 
_______________________________________________________________________ 
 
_______________________________________________________________________ 
 
_______________________________________________________________________ 
 
_______________________________________________________________________ 
 
_______________________________________________________________________ 
 
_______________________________________________________________________ 
 
_______________________________________________________________________ 
 
_______________________________________________________________________ 
 
_______________________________________________________________________ 
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AppendixB
TestOntologyDatasets
Thisappendixincludesthesnapshotsofthetestontologydatasetsusedintheuser
study.
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University Ontology A 
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University Ontology B 
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Conference Ontology A 
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 Conference Ontology B 
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Common Things Ontology A 
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 Common Things Ontology B 
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